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SOHE THOUGHTS 01 THE COST EFFECTIVENESS 
OF GRADUATE EDUCATION S U B S I D I E S  
J o h n  8. B i s h o p  
i 
U n i v e r s i t y  o f  H i s c o n s i n  
h, H o w  much s h o u l d  d o c t o r a t e  t r a i n i n g  b e  s u b s i d i z e d ?  T h e  a n s w e r  p r o p o s e d  
is, " D o c t o r a t e  e d u c a t i o n  s h o u l d  be s u b s i d i z e d  t o  t h e  e x t e n t  a n d  o n l y  t o  t h e  
e x t e n t  t h a t  i t  . p r o d u c e s  e x t e r n a l i t y  or p u b l i c  b e n e f i t s - - i . e . ,  b e n e f i t s  
r e c e i v e d  by p e o p l e  o ther  t h a n  t h e  o n e  r e c e i v i n g  t h e  d i p l o m a . "  T h i s  v a l u e  
judgmen t  d e r i v e s  f r o m  t h r e e  p r o p o s i t i o n s :  (1) I n  g e n e r a l ,  a n  a d u l t  k n o w s  
b e t t e r  t h a n  a n y o n e  e l se  w h a t  i s  b e s t  f o r  h i m s e l f ;  ( 2 )  t h e  p r i c e  ( m e a s u r e d  
i n  b o t h  time a n d  money) h e  is w i l l i n q  t o  p a y  f o r  g r a d u a t e  e d u c a t i o n  i s  t h e  
best m e a s u r e  of how much h e  v a l u e s  i t  r e l a t i v e  t o  o t h e r  t h i n g s ; '  a n d  (3) 
g r a d u a t e  s c h o o l i n g  s h o u l d  b e  e x p a n d e d  t o  t h e  p o i n t  w h e r e  soc ia l  ( p r i v a t e  
plus p u b l i c )  b e n e t r t s  of a n  extra s t u d e n t  e q u a l  t h e  costs of an  e x t r a  
s t u d e n t .  
A g r e e i n g  o n  t h e s e  p h i l o s o p h i c a l  p r o p o s i t i o n s  d o e s  n o t ,  h o w e v e r ,  
n e c e s s a r i l y  l e a d  t o  a p a r t i c u l a r  set o f  p o l i c y  p r e s c r i p t i o n s .  It does  n o t  
b e c a u s e  n o  o n e  knows  w h a t  t h e  c u r r e n t  l e v e l  of s u b s i d y  i s  a n d  how l a r g e  t h e  
i n c r e m e n t a l  p u b l i c  b e n e f i t s  o f  more d o c t o r a t e  t r a i n e d  s c i e n t i s t s  are. Not 
o n l y  d o  we n o t  know, we a re  n o t  l i k e l y  t o  be a b l e  t o  f i n d  o u t .  Why? 
P r i m a r i l y  i t  is b e c a u s e  g r a d u a t e  e d u c a t r o n  a n d  t h e  a d v a n c e m e n t  o f  k n o w l e d g e  
1 Here we a r e  i m p l i c i t l y  a s s u m i n g  t h a t  u n s u b s i d i z e d  l o a n s  w i t h  e x t e n d e d  
r epaymen t  terms a r e  a v a i l a b l e  t o  h e l p  c a s h  f l o w  p r o b l e m s .  Note t h a t  i n  
July, 1974 ,  a n  u n s u b s i d i z e d  l o n g  term l o a n  w o u l d  h a v e  t o  h a v e  a n  i n t e r e s t  
r a t e  o v e r  1.21. 
C o s t  E f fee tiveness of G r a d u a t e  E d u c a t i o n  S u b s i d i e s  180 
are i n e x t r i c a b l y  t i e d  t o g e t h e r ,  a n d  t h e r e  is n o  ray  o f  comprehensiralg 
measur i n q  a l l  t h e  b e n e f i t s  of t h e  e x t e n s i o n  of man *s k n o w l e d g e .  R e s e a r c h  
a n d  q r a d u a t e  e d u c a t i o n  are  j o l n t l y  p r o d u c e d  o u t p u t s  of the i n t e r a c t i o n  o f  
f a c u l t y  a n d  g r a d u a t e  s t u d e n t s .  Y i t h o u t  a g o o d  m e a s u r e  o f  t h e  v a l u e  o f  t h e  
r e s e a r c h  p r o d u c e d ,  t h e r e  is no  u a y  of m e a s u r i n g  t h e  n e t  cos t  of t h e  
t r a i n i n g  r e c e i v e d  by t h e  s t u d e n t s .  Secondly, r e s e a r c h ,  e s p e c i a l l y  ba s i c  
I 
I 
r e s e a r c h ,  is one ot: t h e  p r i m a r y  a c t i v i t i e s  o f  p e o p l e  u h o  have c o m p l e t e d  t h e  
d o c t o r a t e .  It h a s  b e e n  d e m o n s t r a t e d  t h a t  firms do n o t  capture a l l  t h e  
b e n e f i t s  of t h e  r e s e a r c h  a n d  d e v e l o p m e n t  t h e y  u n d e r t a k e .  2 P u r t h e r m o r e ,  it 
will b e  a r g u e d  below t h a t  d o c t o r a l  s c i e n t i s t s  t e n d  m o r e  t h a n  o t h e r  
r e s e a r c h e r s  t o  p r o d u c e  p r o p o r t i o n a t e l y  l a r  qe p u b l i c  b e n e f i t s .  J u s t  how 
l a r g e  t h e  p u b l ~ c  b e n e f i t  is, h o w e v e r ,  is a matter of d e b a t e  a n d  I n  some 
r e s p e c t s  is a n  u n a n s w e r a b l e  q u e s t i o n .  
I p e r s o n a l l y  g e t  a g r e a t  d e a l  o f  e n j o y m e n t  f r o m  f o l l o v ~ n g  t h e  new 
d i s c o v e r i e s  i n  a s t r o n o m y - - b l a c k  h o l e s ,  q u a s a r s ,  etc .  The a d v a n c e a e n t  o f  
k n o w l e d g e  I n  o t h e r  f r e l d  s a l s o  p r o d u c e s  this t y p e  o f  c o n s u n p t l o n  b e n e t  it. 
How l a r q e  a v a l u e  s t l o u L d  be q i v e a  to  a p u r e  p u b l i c  g o o d  l i k e  t h i s  c a n  o n l y  
be d e t e r m i n e d  by r e s o r t r n q  t o  t h e  p o l i t i c a l  process. 
W h i l e  t h e  f r a m e u o c k  e c o n o m i s t s  b r i n g  t o  t h e  i s s u e s  d o e s  n o t  p r o v i d e  
r e a d y  a n s w e r s  t o  p o l i c y  q u e s t i o n s ,  i t  h a s  t h e  e f f e c t  o f  f o c u s i n g  a t t e n t i o n  
a n d  r e s e a r c h  o n  t h e  scientific a n d  n o r m a t i v e  q u e s t i o n s  ot r l e p o r t a n c e  and 
p o i n t i n q  o u t  t h o s e  i s s u e s  t h a t  a re  i r r e l e v a n t .  F o r  i n s t a n c e ,  *'Hou l a r g e  a r e  
-- ---- 
2 K e n n e t h  Arrow, n E c o n o ~ i c  Weltare a n d  t h e  A l l o c a t i o n  o f  R e s o u r c e s  for 
I n v e n t i o n , "  i n  N a t i o n a l  B u r e a u  o f  E c o n o m i c  R e s e a r c h ,  T h e  Rate and D ~ r e c t i o n  
o f  I n v e n t i v e  A c t i v l t y  ( P r i n c e t o n :  P r i n c e t o n  U n i v e r s i t y  Press, 1962) . For a 
m a t h e m a t i c a l  d e m o n s t r a t i o n  o f  t h e  o p t ~ m a l i t y  o f  q r e a t e r  i n v e s t m e n t  i n  R E D 
v h e n  s o m e  of the b e n e f i t s  are  e x t e r n a l  t o  t h e  f i rm,  see A p p e n d i x  A. 
C o s t  E f f e c t i v e n e s s  of G r a d u a t e  E d u c a t i o n  S u b s i d i e s  18 1 
the non- p e c u n i a r y  b e n e f i t s  ( a u t o n o n  y,  p r e s t i g e ,  a n d  l o n g  v a c a t r o n s )  of 
o b t a i n i n g  a Ph.D.?'' is a n  i n t e r e s t i n g  q u e s t i o n ,  b u t  n o t  o n e  we need t o  
a n s w e r .  T h e  g r a d u a t e  s t u d e n t  is r e s p o n s i b l e  for p a y i n g  f o r  s u c h  b e n e f i t s ,  
s o  t h e  o p t i m a l  l e v e l  o f  s u b s i d y  is n o t  i n f l u e n c e d  b y  t h e  s ize  o f  t h e  
p r i v a t e  n o n - p e c u n i a r y  b e n e f i t s .  
A s e c o n d  p a r t  of t h e  a p p r o a c h  e c o n o m i s t s  b r i n g  t o  t h e  i s s u e  is t h e  
a n a l y s i s  of a l t e r n a t i v e  ways  of a c h i e v i n g  t h e  s a m e  o b j e c t i v e .  One name f o r  
this a p p r o a c h  i s  c o s t  e f f e c t i v e n e s s  a n a l y s i s .  I t  c a n n o t  a n s w e r  t h e  
f u n d a m e n t a l  q u e s t i o n  of w h e t h e r  t h e  o b j e c t i v e  is i m p o r t a n t  e n o u g h  t o  
w a r r a n t  t h e  c o s t ,  b u t  it c a n  p r o v i d e  a n  upper l i m i t  f o r  t h e  b e n e f i t s  
o b t a i n e d  by a c h i e v i n g  o b j e c t i v e  A i n  a p a r t i c u l a r  m a n n e r .  T h a t  u p p e r  l i m i t  
i s  t h e  cos t  of t h e  c h e a p e s t  a l t e r n a t i v e  m e t h o d  of a c h i e v i n g  A. O n e  o f  t h e  
o b j e c t i v e s  o f  s u b s i d i z i n g  g r a d u a t e  e d u c a t i o n  is i n c  r e a s i n y  t h e  s u p p l y  and  
l o w e r i n g  t h e  c o s t  o f  d o c t o r a t e  s c i e n t i s t s  e m p l o y e d  i n  r e s e a r c h  and u n d e r -  
g r a d u a t e  t e a c h i n g .  An a l t e r n a t i v e  m e a n s  o f  a c h i e v i n g  t h i s  same o b j e c t i v e  
exists--direct g o v e r n m e n t  s u b s i d y  o t  i n d u s t r i a l  a n d  u n i v e r s i t y  b a s e d  
r e s e a r c h  a n d  of c o l l e g e  i n s t r u c t i o n .  T h e  c o s t  of t h l s  d i r e c t  a p p r o a c h ,  
t h e r e f o r e ,  p r o v i d e s  t h e  u p p e r  l i m i t  o n  t h e  b e n e f i t s  t h a t  can be o b t a i n e d  
from i n c r e a s i n g  t h e  s u p p l y  o f  d o c t o r a t e s  b y  s u b s i d y  of g r a d u a t e  educa t ion .  3 
I t  is t h i s  mode of a n a l y s i s  t h a t  w i l l  b e  a p p l i e d  t o  t h e  g u e s t i o n  of 
the extent t o  w h i c h  s o c i e t y  s h o u l d  s u b s i d i z e  g r a d u a t e  e d u c a t i o n .  The  h i g h  
l e v e l s  of s u b s i d y  of g r a d u a t e  e d u c a t i o n  are  n o t  a p o s t  S p u t n i k  phenomenon.  
3 Here we a s s u m e  t h a t  t h e r e  is n o  c o n s t r a i n t  on t h e  system t h a t  p r e v e n t s  
t h e  d i r e c t  s u b s i d y  a p p r o a c h  from b e i n g  u n d e r t a k e n .  G o v e r n m e n t  a l r e a d y  
h e a v i l y  s u b s i d i z e s  c o l l e g e  t e a c h i n g  a n d  r e s e a r c h  s o  t h e r e  seems t o  b e  n o n e  
here. A p o s s i b l e  c o n s t r a i n t  o n  t h e  s u b s i d y  o f  i n d u s t r i a l  R C D w i l l  b e  
examined .  
C o s t  E f f e t t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  182 
P ~ l l o w s h i p s ,  a s s i s t a n t s h i p s ,  a n d  l o v  t u i t i o n  have  c h a r a c t e r i z e d  g r a d u a t e  I 
e d u c a t i o n  f o r  t h e  l a s t  50 y e a r s . .  T h e  f o c u s ,  t h e r e f o r e ,  is o n  l o n g  term 
I 
e f fec t s  o f  p o l i c y  a n d  n o t  s h o r t  r u n  d y n a m i c s  of t h e  movement  toward 
e q u i l i b r i u m .  
P l a c i n g  t h e  i s s u e  i n  a l o n g  r u n  cos t  e f f e c t i v e n e s s  f r a m e w o r k  m e a n s  we 
I a r e  n o t  a n a l y z i n g  w h e t h e r  t h e r e  s h o u l d  be  more or fewer d o c t o r a t e  t r a i n e d  
s c i e n t i s t s ,  b u t  w h e t h e r  t h e  most e f f i c i e n t  way t o  o b t a i n  t h e  n u m b e r  we n e e d  
is t o  p a y  t h e i r  way t h r o u g h  g r a d u a t e  s c h o o l  o r  t o  p a y  h i g h e r  w a g e s  a n d  
I t h e r e b y  i n d u c e  p e o p l e  t o  f i n a n c e  t h e i r  own way t h r o u g h  a more  e x p e n s i v e  
g r a d u a t e  p r o g r a m .  T h e  effect  o f  subsidizing g r a d u a t e  e d u c a t i o n  now is t o  
lower t h e  wage  F a i d  t o  d o c t o r a t e  s c i e n t i s t s  i n  t h e  f u t u r e .  T h e  g o v e r n m e n t  
is a d i r e c t  b e n e f i c i a r y  o f  t h i s  e f f e c t  f o r  i t  is t h e  d i r e c t  or  i n d i r e c t  
e m p l o y e r  of 82% o f  d o c t o r a t e  s c i e n t i s t s .  O f  t h e  82%. 24% t e a c h  a t  p u b l i c  
c o l l e q e s ,  8% teach  a t  p r i v a t e  c o l l e g e s ,  28% are p r i m a r i l y  e n g a g e d  i n  
r e s e a r c h  a t  u n i v e r s i t i e s ,  5% work  f o r  t h e  g o v e r n m e n t  or a n o n - p r o f i t  
r e s e a r c h  a g e n c y ,  a n d  7 %  work i n  f e d e r a l l y  f u n d e d  i n d u s t r i a l  R & D . 5  By 
p u r c h a s e ,  s u b s i d y ,  o r  d i r e c t  i n s t i t u t i o n a l  c o n t r o l ,  q o v e r n m e n t  ( f e d e r a l  a n d  
s t a t e  t o g e t h e r )  e f f e c t i v e l y  c o n t r o l s  t h e  s u p p l y  o f  e a c h  o t  t h e s e  s e r v i c e s .  
I 
4 In 1962, 70% of p h y s i c a l  a n d  b i o l o g i c a l  s c i e n t i s t s ,  6 7 %  of m a t h e -  
m a t i c i a n s ,  a n d  44% o f  soc ia l  s c i e n t i s t s  w i t h  d o c t o r a t e s  r e p o r t e d  t h a t  
f e l l o w s h i p s  o r  a s s i s t a n t s h i p s  were t h e i r  p r i m a r y  s o u r c e  o f  s u p p o r t  i n  
g r a d u a t e  s c h o o l .  A n o t h e r  19% r e p o r t e d  t h e  G I  B i l l  a s  t h e i r  main s u p p o r t .  
S e y m o u r  Warkov  a n d  J o h n  H a r s h ,  T h e  Educgg&_on a n d  T r a i n i n q  o t  A m e r i c a s  
S c i e n t i s t s  a n d  E n g i n e e r s -  1 9 6 2  ( C h i c a g o :  N a t i o n a l  O p i n i o n  H e s e a r c h  C e n t e r ,  
-,,,-----,, , 
U n i v e r s i t y  o t  C h i c a y o ,  1965)  . 
5 N a t i o n a l  Science F o u n d a t i o n ,  A ~ e r i c a n  S c i e n c e  !lanpowey;_lY&g, A Report o f  
the N a t i o n a l  R e q i s t e y  o f  S c i e n t i f i c  a n d  T e c h g i c a l  Planpower,  NSF 68-38, p. 
---------- 
73. The p r o p o r t i o n s  o f  i n d u s t r i a l  R E D t h a t  were f e d e r a l l y  f u n d e d  i n  1 9 6 8  
mere - 2 8  f o r  b a s i c ,  - 3 3  f o r  a p p l i e d  a n d  . 5 4  f o r  d e v e l o p m e n t .  N a t i o n a l  
S c i e n c e  ~ o u n d a t i o n ,  ~ ~ & ~ ~ ~ & i i a t t e g ~ o f ~  5 D ~ e s o u r ~ ~ ~ ~ ~  1953- 1 3 7 3 ,  NSF 
73-303. 
C o s t  E f f e c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  183 
T h e  f i r s t  p a r t  o f  t h i s  p a p e r  a n a l y z e s  a w o r l d  i n  w h i c h  t h e  g o v e r n m e n t ' s  
r e a s o n  f o r  s u b s i d i z i n g  g r a d u a t e  e d u c a t i o n  now is t o  lower i ts cos ts  of 
b u y i n g  t h e i r  s e r v i c e s  i n  t h e  f u t u r e .  T h e  o b j e c t i v e  is s i m p l y  t o  e x p a n d  t h e  
s u p p l y  of Ph. D. s c i e n t i s t s  it e m p l o y s ,  a n d  t h e  i s s u e  is w h e t h e r  t h i s  c a n  b e  
a c c o m p l i s h e d  more c h e a p l y  b y  s u b s i d y  o f  g r a d u a t e  e d u c a t i o n  now o r  b y  p a y i n g  
h i g h e r  w a g e s  i n  t h e  f u t u r e .  
T h e  s e c o n d  part p r e s e n t s  some r e f l e c t i o n s  o n  w h e t h e r  t h i s  is a n  
a p p r o p r i a t e  g o a l .  I s  l t  d e s i r a b l e  t o  s u b s i d i z e  a n  a c t i v i t y  by s u b s i d i z i n g  
o n l y  o n e  o f  its i n p u t s ,  t h e  d o c t o r a t e  s c i e n t i s t ?  T h i s  i s s u e  is e s p e c i a l l y  
i m p o r t a n t  i n  n a r k e t s  w h e r e  g o v e r n m e n t  d i r e c t l y  c o n t r o l s  n e i t h e r  t h e  
q u a n t i t y  o f  t h e  e x t e r n a l i t y  c r e a t i n g  a c t i v i t y  n o r  t h e  f a c t o r  p r o p o r t i o n s  b y  
w h i c h  it is p r o d u c e d .  l n d u s t r y  f i n a n c e d  r e s e a r c h  a n d  d e v e l o p m e n t  i s  s u c h  a 
m a r k e t .  I n d u s t r i a l l y  f i n a n c e d  H E D e m p l o y s  11% o f  n a t i o n a l  r e g i s t e r  
d o c t o r a t e  s c i e n t i s t s .  T h e  d o c t o r a t e  g r o u p  w i t h  t h e  h i g h e s t  p r o p o r t i o n  d o i n g  
i n d u s t r i a l  R & D was c h e m i s t s - - 3 7 % .  A smaller p r o p o r t i o n  o f  p h y s i c s  
d o c t o r a t e s  was e m k l o y e d  i n  i n d u s t r i a l  R & D--5Sl.b (See T a b l e  A for  o t h e r  
f i e l d s  .) 
Ph.D. s c i e n t i s t s  w o r k i n g  i n  i n d u s t r i a l  R & D p r o d u c e  e x t e r n a l i t i e s .  
The f i r m  t h a t  e m p l o y s  t h e m  c a n n o t  c a p t u r e  a l l  t h e  b e n t i t s  of t h e  r e s e a r c h  
t h e y  d o .  T h i s  1s e s p e c i a l l y  t r u e  f o r  d o c t o r a t e s  b e c a u s e  t h e y  t e n d  t o  b e  
e m p l o y e d  i n  basic r e s e a r c h  r a t h e r  t h a n  d e v e l o p m e n t ,  a n d  t h e  b e n e f i t s  of 
b a s i c  research a r e  t y p i c a l l y  t h e  h a r d e s t  t o  internalize. I n  i n d u s t r y ,  
6 Assumes  c h e n i c a l  a n d  p e t r o l e u m  i n d u s t r i e s  e m p l o y  c h e m i s t s ;  a n d  e l e c t r i c a l  
e q u i p m e n t ,  a i r c r a f t  a n d  missiles e m p l o y  p h y s i c i s t s .  
C o s t  E f f e c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  1 8 4  
Ph.D.'s w a g e s  a n d  f r i n g e s  a r e  20.6% o f  b a s i c  r e s e a r c h  c o s t s ,  6.65 o f  (I 
a p p l i e d  r e s e a r c h  c o s t s ,  a n d  0 .3% of p r o d u c t  d e v e l o p m e n t  cos ts .?  F o r  a l l  
R E D c o m b i n e d ,  n o n m a n a g e r i a l  Ph.D. s c i e n t i s t s  a re  2.1% of c o s t s  w h i l e  
s c i e n t i s t s  a n d  e n g i n e e r s  of a l l  q u a l i f i c a t i o n s  a r e  a b o u t  30% of  c o s t s .  T h e  
e f f e c t  o t  s u b s i d i z i n g  t h e i r  e d u c a t i o n  is ( a )  t o  l o v e r  t h e  r e l a t i v e  p r i c e  o f  
b a s i c  r e s e a r c h  t o  a small  e x t e n t  ( a  1 0 %  d r o p  i n  d o c t o r a t e  s c i e n t i s t ' s  w a g e s  
lowers t h e  r e l a t i v e  p r i c e  o f  b a s i c  r e s e a r c h  by a p p r o x i m a t e l y  2%) a n d  (b) t o  
l o w e r  t h e  p r i c e  of d o c t o r a t e  s c i e n t i s t s  r e l a t i v e  t o  e n g i n e e r s  a n d  N . A .  
s c i e n t i s t s  by a g r e a t  d e a l . 8  Y h e t h e r  t h i s  l a t t e r  e f f e c t  1s d e s i r a b l e  is i 
a n a l y z e d  i n  S e c t i o n  II. 
I. C O S T  EFFECTIVENESS OF SUBSIDIZING GRADUATE EDUCATION WHEN THE GOAL I S  
EXPANDING THE SUPPLY OF DOCTOHATE SCIENTISTS IN TEACHING A N D  RESEARCH 
I 
T h e  g o a l  i s  a n  e x p a n s i o n  of t h e  s u p p l y  o f  Ph.D. s c i e n t i s t s  w o r k i n g  i n  
e x t e r n a l i t y  c r e a t i n a  a c t i v i t i e s  ( t e a c h i n g  a n d  r e s e a r c h )  . r l h i c h  m e t h o d  o f  
a c h i e v i n q  t h a t  g o a l  h a s  t h e  least  s o c i a l  cos t :  (a )  s u b s i d i z i n g  g r a d u a t e  
e d u c a t i o n ,  or (b)  s u b s i d i z i n g  t h e  t e a c h i n g  a n d  r e s e a r c h  a c t i v i t y  d i r e c t l y ?  I 
7 T h e  n u m b e r  o f  d o c t o r a t e  s c i e n t i s t s  i n  e a c h  t y p e  of r e s e a r c h  was o b t a i n e d  
from t h e  n a t i o n a l  r e g i s t e r ,  A m e r i c a n  S c i e n c e  Planpower l96t): T o t a l  ex- 
p e n d i t u r e s  f o r  each t y p e  are i n  Na&ionalPgtterq_sofJ 5 I) R e s o u r c e s  1953- 
73, N e d i a n  s a l a r y  f o r  P h . D .  r e s e a r c h e r s  i n  i n d u s t r y  was 1 1 6 , 0 0 0  i n  1968, 
a n d  t h i s  was a d j u s t e d  t o  $ 2 0 , 0 0 0  f o r  f r i n g e s  a n d  s k e w n e s s .  T h i r t y - s i x  
p e r c e n t  of d o c t o r a t e  s c i e n t i s t s  i n v o l v e d  i n  R & D are  m a n a y e r s  o f  R & D. 
They, a s  well a s  HD's, are  c o n s i d e r e d  o t h e r  i n p u t s  i n  t h e  a b o v e  c a l c u -  
l a t i o n .  T h e  n u m b e r  o f  doc to ra te  s c i e n t i s t s  was m u l t i p l i e d  b y  1 .5  t o  a d j u s t  
for t h e  n o n - r e s p o n s e  ra te .  T h i s  may o v e r e s t i m a t e  t h e  correction b e c a u s e  t h e  
1972 C e n s u s  s c i ~ n t i s t  f o l l o w u p s  g i v e  l o v e r  est imates o f  n u m b e r s  of 
d o c t o r a t e s  t h a n  t h e  1970 N a t i o n a l  R e g i s t e r ,  C h a r a c t e r i s t i c s  o f  P a r s o n s  i n  
E n g i n e e r i n g  a n d  S c i e n t i f i c  O c c u p a t i o n s :  1972 ( T e c h n i c a l  P a p e r  33,  U. S. 
-- ------ ----------- 
B u r e a u  of t h e  C e n s u s )  . 
8 N a t i o n a l  S c i e n c e  P o u n d a  t i o n ,  R e s e a r c h  a n d  D e v g J o p n e n t  i n  I n d u s t r y ,  1970, 
NSF 72-309, p. 14 .  
C o s t  E f f e c t i v e n e s s  of G r a d u a t e  E d u c a t i o n  S u b s i d i e s  185 
S t e p h e n  D r e s c h  h a s  c o g e n t l y  a r g u e d  t h a t  t h e  case f o r  s u b s i d i z i n g  
q r a d u a t e  e d u c a t i o n  m u s t  b e  b a s e d  o n  t h e  p u b l i c  b e n e f i t s  r e c e i v e d  f r o m  w h a t  
I 
I t h e  sc ien t i s t s  d o  i n  p r o f e s s i o n a l  e m p l o y m e n t  a f t e r  g r a d u a t e  s c h o o l . 9  Wi th  
t h e  m i n o r  c a v e a t  t h a t  t h e  d i s s e r t a t i o n  i t s e l f  m a k e s  some c o n t r i b u t i o n  t o  
t h e  a d v a n c e m e u t  of k n o w l e d g e ,  we a d o p t  t h i s  p o s i t i o n  a s  well. D c e s c h  p o i r l t s  
o u t  t h a t  ( a )  n o t  a l l  P h , D . * s  work i n  a c t i v i t i e s  t h a t  c rea te  e x t e r n a l i t i e s ,  
(b)  l o w e r i n g  t h e i r  f u t u r e  wage w i l l  c a u s e  f l o w s  o u t  o f  t h e  o c c u p a t i o n s  
( t e a c h i n g  a n d  r e s e a r c h )  t h a t  create  e x t e r n a l i t i e s  i n t o  a c t i v i t i e s  t h a t  d o  
not ( p r i v a t e  c o n s u l t i n g ,  m a n a g e m e n t  of non-R 2 D, u 4 e m p l o  yrnent ,  
e m i g r a t i o n ) .  T h e r e f o r e ,  he  a r g u e s  s u b s i d i z i n g  g r a d u a t e  e d u c a t i o n  is a n  
i n e f f i c i e n t  way of t r y i n g  t o  i n c r e a s e  s t a t e  e m p l o y m e n t  of s c i e n t i s t s .  
I W h i l e  t h e s e  e f f e c t s  d o  l o w e r  t h e  e f f i c i e n c y  o f  the g r a d u a t e  s c h o o l  
s u b s i d y  a p p r o a c h ,  t h e y  a r e  n o t  c o n c l u s i v e  a r g u m e n t s .  R e l a t i v e  cos t  
e f f e c t i v e n e s s  d e p e n d s  a s  we11 o n  the r e l a t v e  s i z e  o f  ( a )  t h e  l o n g  r u n  
e l a s t i c i t y  o f  d o c t o r a t e  s u p p l y  w i t h  r e s p e c t  t o  t h e  e x p e c t e d  f u t u r e  wage ,  
, a n d  ( b )  t h e  e l a s t i c i t y  o f  d o c t o r a t e  s u p p l y  t o  t h e  availability of  
s u b s i d y  d u r i n g  g r a d u a t e  s c h o o l ,  8. I f  many p o t e n t i a l  g r a d u a t e  s t u d e n t s  are  
a v e r s e  t o  g o i n g  d e e p l y  i n t o  d e b t ,  i t  i s  p o s s i b l e  f o r  t h e  s u b s i d y  e l a s t i c i t y  
t o  b e  s o  much l a r g e r  t h a n  the l i f e t i m e  w a g e  e l a s t i c i t y  t h a t  t h e  s u b s i d y  
a p p r o a c h  i s  c h e a p e r .  
T h e  c r i t i c a l  d e t e r m i n a n t s  of r e l a t i v e  cost  e f f e c t i v e n e s s  w i l l  b e  
d e t e r m i n e d  by b u i l d i n g  a m a t h e m a t i c a l  m o d e l  o f  t h e  l o n g  r u n  e q u i l i b r i u m  i n  
t h e  Ph.D. s c i e n t i s t  l a b o r  m a r k e t .  L e t  u s  d e f i n e  t h e  f o l l o w i n g  terms: 
9 St .ephen P. D r e s h ,  An E c o n o m i c  P e r s p e c t i v e - g q  t h e  E v o l u t i o n  of G r a d u a t e  
E d u c d t i g k  ( W a s h i n g t o n ,  D.C. : N a t i o n a l  B o a r d  of G r a d u a t e  E d u c a t i o n  
P u b l i c a t i o n s ,  H a r c h  1974) .  
C o s t  Effectiveness o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  186 
S = S t o c k  of P h . D I 9 s  w o r k i n g  i n  e x t e r n a l i t y  c r e a t i n g  a c t i v i t i e s  T 
S = S t o c k  o f  A m e r i c a n  t r a i n e d  Ph.D.  s c i e n t i s t s  I 
P = L i f e t i m e  e a r n i n g s  o f  d o c t o r a t e  s c i e n t i s t s  d i s c o u n t e d  a t  t h e  
s o c i a l  rate o f  d i s c o u n t  t o  r e c e i p t  o f  d o c t o r a t e  
W = D i s c o u n t e d  l i f e t i m e  c o m p e n s a t i o n  p a i d  by e m p l o y e r s  ( t a x e s  
a re  n e g l e c t e d )  
F = The  r a t i o  o f  t h e  sum of g r a d u a t e  s c h o o l  s u b s i d y  a n d  l i f e t i m e  
e a r n i n g s  t o  l i f e t i m e  e a r n i n g s ,  P = (P + x)/Po w h e r e  X 
is subsidy d i s c o u n t e d  t o  t h e  r e c e i p t  8f t h e  d o c t o r a t e .  
X i s  t h e  a v e r a g e  v a l u e  of f e l l o w s h i p  a n d  a s s i s t a n t s h i p  
stipends p l u s  t h e  d i f e r e n c e  b e t w e e n  i n s t r u c t i o n a l  c o s t  
p e r  s t u d e n t  a n d  t u i t i o n .  Po is t h e  s t a n d a r d  l i f e t i m e  
wage. 
k = 1 + ( t h e  p r o p o r i t o n a t e  s u b s i d y  o f  sc ient is t  w a g e s )  
L e t  demand for  t h e  e m p l c y m e n t  of s c i e n c e  d o c t o r a t e s  i n  e x t e r n a l i t y  
c r e a t i n q  a c t i v i t i e s  be: 
1 )  S = D W ~  
T h e  e l a s t i c i t y  o f  demand, a , h a s  b e e n  e s t i m a t e d  b y  R i c h a r d  Preeman and  
David  Brcneman t o  b e  -. 5 .10  Its s i z e ,  h o w e v e r ,  d o e s  n o t  a t f e c t  o u r  
a n a l y s i s .  T n e  s u p p l y  of d o c t o r a t e s  w o r k i n g  i n  e x t e r n a l i t y  c r e a t i n g  
a c t i v i t i e s  is g i v e n  by: 
P a n d .  t h e  r e f  o r e ,  Y a r e  i n d e x e d  o n  t h e i r  v a l u e s  i n  1968 (P  = wo) when 93% 
0 
o f  e m p l o y e d  d o c t o r a t e s  were i n  e i t h e r  t e a c h i n g ,  r e s e a r c h ,  o r  r e s e a r c h  
10  Freeman, R i c h a r d  a n d  D a v i d  W .  Breneman,  J??ecastinqthe Ph.Q. Labor  
M a r k e t  : P i t f a l l s  f o r  P o l i c y  ( P a s h i n g t o n ,  D.C. : Nn t i o n a l  Board  on  G r a d u a t e  
---- - ---- ----- 
Education P u b l i c a t i o n s ,  A p r i l ,  1974) , p. 33 .  
Cost E f f e c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  
managemen t  - 1  1 T h e  p r o p o r t i o n  o f  gh.D, s c i e n t r s t s  e g p l o y e d  i n  e x t e r n a l i t y  
crea t i n g z p c t i v i t i e s  is r e s ~ o n s i  v e  t o  t h e i r  r p & q t i v e  w ases becaqsg 
---- 
of mgadment, i m m i s r a t i o n  a n d  e m i g r a t i o n  f l o u s .  an$_ s h i f t s  i n t o  
m a n a g e r i a l  -------- a n d  c o n s u l g i & g  work. F r e e m a n  a n d  B r e  ne  man estirna t e  t h e  
e l a s t i c i t y  o f  o c c u p a t i o n a l  c h o i c e  g i v e n  t h e  s t o c k  of P h . D . ' s  t o  be ,4.12 
\ The s t o c k  o f  A m e r i c a n  t r a i n e d  d o c t o r a t e s  is g i v e n  by: I 
I where 4 i s  t h ~  l o n g  r u n  e l a s t i c i t y  o f  t h e  stock of d o c t o r a t e s  t o  d i s c o u n t e d  \ l i f e t i m e  e a r n i n g s  ( d i s c o u n t e d  a t  s o c i a l  r a t e  o f  d i s c o u n t ) ,  a n d  is t h e  
l o n g  r u n  e l a s t i c i t y  o t  t h e  s t o c k  o f  d o c t o r a t e s  t o  P,  i - e , ,  t o  1 p l u s  t h e  
r a t i o  of g r a d u a t e  s c h o o l  s u b s i d y  t o  l i fe t ime e a r n i n g s ,  
' P The s u b s i d y  p r o g r a m  f o r  t e a c h i n g  a n d  r e s e a r c h  d e t e r m i n e s  t h e  e x t e n t  t o  
which P e x c e e d s  W, The s i z e  o t  t h a t  \ilk s u b s i  o g r a m  i s  g i v e n  by 
T h e  size of t h e  a l t e r n a t i v e  s u b s i d y  
is i n d e x e d  b y  F .  
Now se t  s u p p l y  e q u a l  to d e m a n d  
P 
5 )  .93P'bGP'F0 = DW' = 
t e c h n  
t a k e  
i q u e ,  
A 0 g s  
q r a d u a t e  s c h o o l  
a n d  
k .  
s u b s i d i e s ,  
1 1  A m e r i c a n  S c i e n c e  Manpower:  1968. 
1 2  p. 32. 
C o s t  Effectiveness of G r a d u a t e  E d u c a t i o n  Subsidies 
C a l c u l a t e  a total d e r i v a t i v e  w i t h  P ,  F ,  and k e n d o g e n o u s .  
F i x i n g ,  F ,  ve may c a l c u l a t e  the imact of a c h a n g e  i n  k: 
a )  a h ,  -a 
- =  7 0 because a > 0  
d ~ n ~  @ - a + . h  
The wages r e c e i v e d  b y  t h e  scientists go up. 
The costs  of s c i e n t i s t s  t o  the firm q o  down. 
T h e  number of scientists employed i n  t e a c h i n g  a n d  R & D goes up. 
F i x l n g  k ,  we may c a l c u l a t e  t h e  impact of a change i n  F .  
d I n W  -8 11, -=-= 7 0 
d ~ n ~  d ~ n ~  + - a + . 4  
d I n S -  -a9 
12) d i n F  4 - o + . h  7 0  
Largor f e l l o u s h i p s  and assistantships l o w e r  both t h e  wage paid b y  e m p l o y e r s  
a n d  recelved b y  scientists a n d  i n c r e a s e  the number of scientists employed  
i n  t e a c h l n g  a n d  research .  
The  c o s t s  of a given c h a n g e  in I n  P or In k a r e  n o t  q u i t e  the  same 
because some of t h e  s u b s i d i z i e d  d o c t o r a t e s  w i l l  n o t  enter t e a c h i n g  or 
C o s t  E f f e c t i v e n e s s  o t  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  189  
r e s e a r c h .  The d i r e c t  s u b s i d y  h a s  t o  b e  p a i d  t o  o n l y  93% o f  t h e  s t o c k  o f  
American d o c t o r a t e s .  On t h e  o t h e r  h a n d ,  some of t h e  d i r e c t  s u b s i d y  g o e s  t o  
f o r e i g n  t r a i n e d  d o c t o r a t e s .  I n  1960 o n l y  2 t o  5 %  o f  Ph.D.  s c i e n t i s t s  were 
a l i e n s  arld many o f  t h e s e  were t r a i n e d  i n  t h e  U. S. 1 3  Ye s h a l l ,  t h e r e f o r e ,  
n e q l e c t  a  p o s s i b l y  g r e a t e r  e l a s t i c i t y  o f  s u p p l y  of f o r e i g n  t r a i n e d  
d o c t o r a t e s .  
13)  I n c r e m e n t a l  cost  o f  i e l l o r s h i p s  = d CF = ST P-m(d In F) 
where a, = t h e  i n c r e m e n t  i n  s u b s i d y  a s  a v e r a g e  s t i p e n d s  i n c r e a s e .  B e c a u s e  
par t .  o f  t h e  i n c r e a s e  i n  s t i p e n d s  c o n e s  f r o m  f u n d i n g  a l a r g e r  p r o p o r t i o n  o f  
s t u d e n t s  on  a s s i s t a n t s h i p s  w h e r e  t h e y  p r o v i d e  rea l  s e r v i c e s  t o  t h e  
d e p a r t m e n t ,  m is less  t h a n  1. N o t e  t h a t  i n c r e a s e s  i n  t h e  wage r a t e  o f  a n  
a s s i s t a n t s h i p  d o  not l o v e r  m. 
1 4 )  I n c r e m e n t a l  d i r e c t  s u b s i d y  = d Ck = s,*P( . 9 3 ) ( d  In k) 
S u b s t i t u t i o n  ( 1 4 )  i n t o  (10) a n d  (13) i n t o  ( 1 2 ) ,  
1 3  C h a r a c t e r i s t i c s  of Amer i c a 9 s  B n g i n e e r s  a n d  S c i e n t i s t s :  1960 a n d  1962 
T e c h n i c a l  P a p e r  8 2 1 ,  p. 10. S i n c e  t h e n ,  f l o w s  h a v e  i n c r e a s e d .  B e t v e e n  1966 
a n d  7 0 ,  g r o s s  i m m i g r a t i o n  o f  s c i e n t i s t s  a n d  e n g i n e e r s  from a b r o a d  was 
11,300 a y e a r .  T h i s  is a large share  of  t h e  a v e r a g e  y e a r l y  i n c r e a s e  i n  U.S. 
employment  of s c i e n t i s t s  o f  45,000. S i x t y - o n e  p e r c e n t  o f  t h e s e  i m m i q r a n t s  
were t r a l n e d  a b r o a d .  About  h a l f  o f  t h e  i m m i g r a n t s  who were t r a i n e d  i n  t h e  
0.5. r e c e i v e d  s u F F o r t  f r o m  U. S. s o u r c e s ,  N a t i o n a l  S c i e n c e  F o u n d a t  i o n ,  
I m m i g r a n t  S c i e n t i s t s  a n d  E n s i x l e e r s  i n  t h e  U n i t e d  S t a t e s ,  NSF 73-302, pp,  1 ,  
-- ----------- 
38, a n d  3 9 .  
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T h e  f e l l o w s h i p  a n d  a s s i s t a n t s h i p  a p p r o a c h  t o  e x p a n d i n g  s c i e n t i s t  e m p l o y m e n t  
is  m o s t  e f f i c i e n t  when 
w h i c h  o c c u r s  when 
G r a d u a t e  s t u d e n t  subsidies b e c o m e  more e f f i c i e n t  ( a )  t h e  h i g h e r  t h e  
p r o p o r t  i on  of P h .  D .  ' s  t h a t  e n t e r  e x t e r n a l i t y  c r e a t i n g  a c t i v i t i e s ,  ( b )  t h e  
smaller  t h e  s u b s i d y  s h a r e  of t h e  s t i p e n d ,  ( c )  t h e  l a r g e r  t h e  r e s p o n s e  t o  
s u b s i d i e s ,  a n d  ( d )  t h e  smaller  t h e  r e s p o n s e  t o  f u t u r e  wages.  I f  w h a t  I 
p e r c e i v e  t o  b e  H i c h a r d  F r e e m a n ' s  v i e w  of t h e  r e l a t i v e  s i z e  of 4 and 8 
( t h a t  they a r e  almost e q u a l )  i s  correct, d i r e c t  s u b s i d y  is t h e  most cost  6 
e f f e c t i v e  m e t h o d  c t  i n c r e a s i n g  s c i e n t i f i c  e m p l o y m e n t .  On t h e  o t h e r  h a n d ,  i f  
t h e  s t u d e n t  were t o  c h o o s e  w h e t h e r  t o  e n t e r  d n d  c o m p l e t e  g r a d u a t e  s c h o o l  
usinq a p r e s e n t  v a l u e  c a l c u l a t i o n  w i t h  a r e a l  d i s c o u n t  rate 1.5 times t h e  
s o c i a l  r a t e  ( b e c a u s e  of r i s k  a n d  d e b t  a v e r s i o n ) ,  g r a d u a t e  s c h o o l  s u b s i d i e s  
w o u l d  b e c o m e  t h e  m o r e  e f f i c i e n t  a p p r o a c h ,  I *  I f  g r a d u a t e  s t u d e n t s  were 
s u p p o r t e d  o n l y  w i t h  a s s i s t a n t s h i p s  ( t h u s  l o w e r i n g  m) a n d  t h e  s t u d e n t s  were 
n o t  a v e r s e  t o  t h e  e x t r a  work ,  a n  a s s i s t a n t s h i p  s t r a t e g y  w o u l d  most l i k e l y  
p r o v e  m o r e  e f f i c i e n t  t h a n  d i r e c t  s u b s i d i e s  of s c i e n t i s t s  e m p l o y m e n t .  
-- 
1 4  T h r o u q h o u t  t h i s  a r g u n e n t  w e  have b e e n  a s s u m i n g  t h a t  u n s u b s i d i z ' e d  l o a n s  
w i t h  e x t e n d e d  r e p a y m e n t  terms are a v a i l a b l e .  w U n s u b s i d i z e d w  m e a n s  t h a t  t h e  
l o a n  p r o q r a a  h a s  n o  i n t e r e s t  f o r g i v e n e s s  a n d  m u s t  pay  c o s t s  f o r  c o l l e c t i o n  
a n d  a t  l e a s t  a p a r t  of d e f a u l t  costs. S u c h  a l o a n  w o u l d  c u r r e n t l y  h a v e  a 
nominal i n t e r e s t  r a t e  of a t  least 12%. 
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If. S H O U L D  RESEARCH B E  S U B S I D I Z E D  I N  A H A N N E R  THAT L O U E R S  TCrE RELA'1IIVE COST 
OF DOCTORA TE SCIENTISTS? 
What is  t h e  o b j e c t i v e :  s u b s i d i z i n g  t h e  u s e  of Ph.D. s c i e n t i s t s  i n  
R G D ,  o r  s u b s i d i z i n g  b a s i c  a n d  a p p l i e d  r e s e a r c h  in g e n e r a l  n o  matter who 
d o e s  i t ?  S t e p h e n  D r e s c h  a r g u e s  t h a t  who d o e s  t h e  r e s e a r c h - - e n g i n e e r s ,  
masters s c i e n t i s t s ,  t e c h n i c i a n s - - i m p l i e s  l i t t l e  a b o u t  t h e  s i z e  o f  t h e  
e x t e r n a l i t i e s  c r e a t e d . 1 5  An e x a m i n a t i o n  of the u n i q u e  c h a r a c t e r  of Ph.D. 
s c i e n t i s t - s  r e v e a l s  t h a t  t h e r e  a r e  t h r e e  s i g n i f i c a n t  r e a s o n s  for s u b s i d i z i n g  
t h e  s c i e n t i s t s  c o m p o n e n t  o f  R & D m o r e  t h a n  t h e  o t h e r  c o o p e r a t i n g  i n p u t s - -  
e n g i n e e r s ,  t e c h n i c i a n s ,  materials ,  c a p i t a l  a n d  o v e r h e a d .  T h e  professorial 
e t h i c  ( o f  r e s e a r c h  a n d  p u b l i s h i n g  f o r  i ts own sake) t a u g h t  i n  g r a d u a t e  
s c h o o l s  m e a n s  t h a t  t h e  b a r g a i n  h e  s t r i k e s  w i t h  h i s  i n d u s t r i a l  e m p l o y e r  
g i v e s  h i m  a f r e e d o m  t o  c h o o s e  h i s  r e s e a r c h  p r o b l e m  a n d  t o  p u b l i s h  most o f  
h i s  r e s e a r c h  f i n d i n g s .  As a c o n s e q u e n c e ,  t h e  f i r m  t e n d s  t o  i n t e r n a l i z e  a 
smaller p r o p o r t i o n  of t h e  f r u i t s  of a Ph.D. s c i e n t i s t ' s  l a b o r .  T h e  s e c o n d  
reason frrms t e n d  to  u n d e r i n v e s t  i n  sc ient is ts  a n d  engineers r e l a t r v e  t o  
t e c h n i c i a n s ,  c a p i t a l  a n d  materials  is t h a t  p r o f e s s i o n a l s  a r e  c a p a b l e  of 
c a r r y i n g  v a l u a b l e  t r a d e  secrets w i t h  t h e m  when t h e y  c h a n g e  e m p l o y e r s  w h i l e  
t e c h n i c i a n s  a n d  secretaries are  n o t .  The t h i r d  r e a s o n  is t h a t  t h e  f i r m  
t a k e s  t h e  r i s k  one o f  i ts s c i e n t i s t s  w i l l  " b l o w  t h e  u h l s t l e l @  i f  t h e  f i r m  
a c t s  a g a i n s t  the s c i e n t i s t s '  v i e w  of t h e  p u b l i c  i n t e r e s t .  I n  a l l  o t  t h e s e  
cases t h e  b e h a v i o r  t h a t  t h e  e m p l o y e r  f i n d s  d e t r i m e n t a l  t o  h i s  own i n t e r e s t  
is i n  t h e  p u b l i c  i n t e r e s t .  
1s D r e s c h ,  - op, --- cit .  Be a l s o  a r g u e s  t h e r e  is n o  r e a s o n  t o  c a u s e  ) s u b s t i t u t i o n s  of s c i e n t i s t s  f o e  c a p i t a l  a n d  mater ia l  i n p u t s  i n  t h e  
p r o d u c t i o n  o f  R & D. 
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D u r i n g  g r a d u a t e  s c h o o l  t h e  y o u n g  s c i e n t i s t  is s o c i a l i z e d  i n t o  a n  e t h i c  
t h a t  t r e a s u r e s  i n d e p e n d e u c e ,  t h a t  c o n s i d e r s  t h e  p r o c e s s  of p u s h i n g  o u t  
f r o n t i e r s  o f  k n o w l 2 d g e  i n t r i n s i c a l l y  u o r t h w h i l e ,  a n d  t h a t  m a k e s  t h e  
f a v o r a b l e  j udgmen t .  of o n e ' s  c o l l e a g u e s  t h e  o n l y  o p i n i o n  t h a t  matters. 1 6  
T h i s  e t h i c  g e n e r a l l y  c o i n c i d e s  w i t h  s o c i e t y ' s  i n t e r e s t  f o r  i t  creates 
s t r o n q  i n c e n t i v e s  f o r  i m m e d i a t e  p u b l i c a t i o n  o f  new f i n d i n g s ,  E a r l y  
d i s c l o s u r e  h e l p s  o t h e r  s c i e n t i s t s  w i t h  t h e i r  work a n d  w h e r e  i t  is 
u n p a t e n t a a l e  p r e v e n t s  t h e  e c o n o m i c  f r u i t s  of a d i s c o v e r y  from b e i n g  
m o n o p o l i z e d  b y  o n e  company .  I n t e r n a l i z i n g  t h e  g o a l  of d i s c o v e r y  r e d u c e s  t h e  
need f o r  e x t r i n s i c  r e w a r d  s y s t e m s  f o r  a c c o m p l i s h m e n t .  It m a k e s  i t  easier  t o  
a w a r d  s c i e n t i s t s  j o b  s e c u r i t y .  I t  p r o m o t e s  c o o p e r a t i o n  among s c i e n t i s t s  
w o r k i n q  or1 t h e  same p r o b l e m ,  C o m p e t i t i o n  f o r  c r e d i t  f o r  a d i s c o v e r y  may 
d l s o  i n h l  b i t  c o o p e r a t  i o n .  C r e d i t ,  h o w e v e r ,  i s  ea s i e r  to s h a r e  t h a n  u o n e y .  
S c i e n t i s t s '  p r e f e r e n c e  f o r  b a s i c  r e s e a r c h  is a l s o  s o c i a l l y  d e s i r a b l e  
because  t h e  p r o f  i t  m o t i v e  n a t u r a l l y  t e n d s  t o  r e s u l t  i n  u n d e r £  u n d i n q  of 
b a s i c  research. O n l y  a smal l  f r a c t i o n  o t  t h e  b e n e f i t s  of b a s i c  r e s e a r c h  
a c c r u e  t o  t h e  c o m p a n y  t h a t  u n d e r t a k e s  it. T h e  d i s c o v e r i e s  t h q t  r e s u l t  a r e  
s e l d o m  p a t e n t a b l e  a n d  a r e  o f t e n  u s e f u l  o n l y  i n  o t h e r  f i r m s '  p r o d u c t  l i n e s .  
1 6  A s t u d y  f o u n d  t h a t  g r a d u a t e  s t u d e n t s  who h a d  c o m p l e t e d  o n e  o r  m o r e  y e a r s  
of a d o c t o r a l  p r o g r a m  were more r e s e a r c h  a n d  p r o f e s s i o n  o r i e n t e d  t h a n  f i r s t  
y e a r  s t u d e n t s ,  P r o f e s s i o n a l  o r i e n t a t i o n  was d e t e r m i n e d  n y  t h e i r  a n s w e r  t o  
* ' In  t h e  l o n g  r u n  wou ld  y o u  r a ther  be known a n d  r e s p e c t e d  ( a )  t h o u g h o u t  t h e  
i n s t i t u t i o n  w h e r e  y o u  w o r k  o r  ( b )  amorig s p e c i a l i s t s  i n  y o u r  f i e l d  i n  
d i f f e r e n t  i n ~ t i t u t i o n s ? ~ ~  S i  x t  y-one  p e r c e n t  chose ( b )  . Time i n  g r a d u a t e  
p r o g r a m  wds a s s o c i a t e d  w i t h  a s h a r p  rise i n  p r o f e s s i o n a l  o r r e n t a t i o n  ( 10  t o  
18 p o i n t  c h a n g e  i n  the p e r c e n t  c h o o s i n q  b) when t h e  s t u d e n t  h a d  b e e n  an 
u r ~ d e r q r a d u a t e  a t  a 4 y e a r  l i b e r a l  a r t s  c o l l e g e .  S t u d e n t s  who h a d  b e e n  a t  
u n i v e r s i t i e s  a s  u n d e r g r a d u a t e s  a r r i v e d  a l r e a d y  s o c i a l i z e d .  James D a v i s ,  
w I , o c a l s  a n d  C o s m o p o l i t a n s  i n  A m e r i c a n  G r a d u a t e  S c h o o l ,  " I n t e r n a t i o n a l  
J o u r n a l  of C o n ~ a r a t i v e  S o c i o l o g ~  2: 2 ( S e p t e m b e r  1961 ) .  p. 221,-- 
----------- ----------- 
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S u c h  a s o c i a l i z a t i o n  p r o c e s s  r e q u i r e s  t h a t  t h e  moral a u t h o r i t y  o f  t h e  
s o c i a l i z e r s ,  t h e  f a c u l t y ,  b e  p r e - e m i n e n t .  T h e  f i n a n c i a l  power  o f  t h e  
g r a d u a t e  d e p a r t m e n t  o v e r  its s t u d e n t s  t e n d s  t o  r e i n f o r c e  t h e  moral 
a u t h o r i t y  o f  t h e  f a c u l t y  a n d  t h u s  may c o n t r i b u t e  t o  t h e  socialization 
p r o c e s s ,  W h e t h e r  t h e  d e g r e e  o i  s u b s i d i z a t i o n  a f f e c t s  t h e  n a t u r e  o f  t h e  
g r a d u a t e  e d u c a t i o n  i n  t h e  manner  h y p o t h e s i z e d  a b o v e ,  is a n  o p e n  q u e s t i o n  
t h a t  n e e d s  extensive research. It is n o t  c e n t r a l  to our a r g u m e n t ,  however .  
T h e  i m p o r t a n t  p o i n t  is t h a t  d o c t o r a t e  t r a i n i n g  d o e s  p r o d u c e  s u c h  a n  e t h i c  
a n d  t h a t  we d e s i r e  s c i e n t i s t s  t o  be g o v e r n e d  b y  it. 
-\ 
The  g o a l  c o n f l i c t  b e t v e e l i  t h e  p r o f e s s i o n a l  e t h i c  o f  t h e  s c i e n t i s t  a n d  
the p r o f i t  aims o f  h i s  i n d u s t r i a l  e m p l o y e r  is one of t h e  main t h e m e s  o f  
s o c i o l o q i c a i  a n d  management  s t u d i e s  of t h e  B E D s c i e n t i s t , l 7  I n d u s t r i a l  
s c i e n t i s t s  d e s i r e  t o  r e c e i v e  w i d e  r e c o g n i t i o n  f o r  t h e i r  d i s c o v e r i e s  by  
p u b l i s h i n g  i n  p r o f e s s i o n a l  j o u r n a l s .  T h i r t y - o n e  p e r c e n t  o f  a  s a m p l e  o f  3 9 0  
s c i e n t i s t s  a n d  e n g i n e e r s ,  o f  whom o n l y  100 o r  s o  were Ph.D. @ s ,  s a i d  t h e y  
" u o u l d  most  l i k e  t o  p u b l i s h  a p a p e r  i n  t h e  l e a d i n g  j o u r n a l  i n  a n y  
p r o f e s s i o n  e v e n  t h o u g h  t h e  t o p i c  m i g h t  b e  o f  m i n o r  i n t e r e s t  t o  t h e  c o m p a n y n  
r a t h e r  t h a n  "make a major c o n t r i b u t i o n  t o  o n e  o f  t h e  c c m p a n y ' s  p r o j e c t s . "  
1 '  T h e i r  word t o r  s c i e n t i s t s  who p l a c e  t h e  v a l u e s  o f  t h e  p r o f e s s i o n  f i r s t  
is ~ c o s m o p o l i t a n s .  " S e e  Barney G l a z e r ,  " T h e  Loca  1 - C o s m o p o l i  t a n  S c i e n t i ~ t s , ' ~  
Amer ican  J o u r n a l  o f  S o c i o l s y  69: 249- 260; William K o r n h a u s e r ,  S c i g n t - i s t s  
--------------- 
i n  I n d u s t r y  ( B e r k e l e y :  U n i v e r s i t y  of C a l i f o r n i a  P r e s s ,  1962)  ; Norman 
----- 
Kaplan,  * @ P r o f e s s s o n a l  S c i e n t i s t s  i n  I n d u s t r y ,  a n  E s s a y  Review,@@ S o c i a l  
P r o b l e m s  13: 88-97 ( 1 9 6 5 ) .  A s i m i l a r  c o n f l i c t  o c c u r s  b e t w e e n  t h e  s c i e n t i s t  
and a smal l  l i b e r a l  a r t s  c o l l e g e .  
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s i x t y  p e r c e n t  s a i d  it was ma important t o  me t h a t  I be a b l e  t o  p u b l i s h  t h e  ,. 
r e s u l t s  of my r e s e a r c h  i n  p r o t e s s i o n a l  j o u r n a l ~ . ~ l e  
T h e  scientist g e n e r a l l y  p r e f e r s  basic r e s e a r c h  t o  a p p l i e d  r e s e a r c h .  
S i x t y - s i x  p e r c e n t  s a i d  t h e y  " w a n t e d  t o  d o  t h e  k i n d  o f  r e s e a r c h  t h a t  w i l l  
c o n t r i b u t e  t o  s c i e n t i f i c  k n o w l e d g e .  " S e v e n t y - s e v e n  p e r c e n t  w a n t e d  t o  "be 
a b l e  t o  p u r s u e  a n d  c a r r y  o u t  my own r e s e a r c h  i d e a s . " l *  
T h e  f r u s t r a t i o n  o f  n o t  b e i n g  a b l e  t o  d o  a s  n u c h  b a s i c  research a s  h e  
1 d e s i r ~ s  was v a r a b l i z e d  by a s c i e n t i s t  i n  a n o t h e r  r e s e a r c h  o r g a n i z a t i o n :  
I f  t h e r e  is n o  g o v e r x i m e n t  c o n t r a c t  o r  n o  g a d g e t  i n v o l v e d  
management i s  n o t  v e r y  e n t h u s i a s t i c .  F o r  t h i s  r e a s o n  b a s i c  
research s u f t e r s .  2 0  
A r e s e a r c h  s u p e r v i s o r  w h o  h a d  o n e  o f  h i s  own p r o j e c t s  v e t o e d  b y  h i g h e r  
management h a d  a s i m i l a r  c o m p l a i n t :  
.; 
18 Q u e s t i o n n a i r e  a d m i n i s t e r e d  i n  1965 t o  a s a m p l e  o f  R & D e m p l o y e e s  i n  a 
l a r g e  a e r o - s p a c e  f i rm .  G e o r g e  A .  Hiller a n d  L. Wes ley  Uager, n A d u l t  
S o c i a l i z a t i o n ,  O r g a n i z a t i o n a l  S t r u c t u r e  a n d  R o l e  O r i e n t a t  i o n s ,  
A d m i n i s t r a t i v e  S c i e n c e  Q u a r t e r 1 1  16: 2 ( J u n a  1971), p.  154. 
------------- 
2 0  S c i e n t i s t  q u o t e d  by S i m o n  M a r c s o n ,  T h e  S c i e n t i s t  i n  A m e r i c a n  I n d u s t r ~  
( P r i n c e t o n ,  N. J. : I n d u s t r i a l  R e l a t i o n s  S e c t i o n ,  P r i n c e  t o n  U n i v e r s i t y ,  
1960) ,  p. 105. 
Cost E f f e c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  195 
Basic r e s e a r c h  r e p r e s e n t s  o n l y  a small a c t i v i t y .  It is n o t  
h a n d l e d  t h e  way a p p l i e d  r e s e a r c h  is,. , . I n  some ways  the o l d e r  
members  of management  a r e  a g a i n s t  b a s i c  r e s e a r c h .  T h e s e  men d o  
n o t  rea l ize  t h e  a c t u a l  i m p o r t a n c e  o f  t h i s  a c t i v i t y ,  2 1  
A sore s e n i o r  r e s e a r c h  m a n a g e r  t o o k  t h e  c o n t r a r y  view:  
T h e  t r o u b l e  w i t h  t h e s e  r e s e a r c h  p e o p l e  is t h a t  t h e y  g o  a h e a d  a n d  
d o  r e s e a r c h  w i t h o u t  a n y  a p p r e c i a t i o n  o f  t h e  cost. T h e r e  is a 
g r e a t  d e a l  o f  r e s e a r c h  d o n e  w h i c h  s h o u l d  n e v e r  h a v e  b e e n  t a k e n  o n  
w i t h o u t  c a r e f u l  a n a l y s i s  of the p r o d u c t  p o s s i b i l i t i e s .  22 
A s  o n e  would e x p e c t ,  i t  is t h e  Ph.D. s c i e n t i s t  who e x p e r i e n c e s  t h i s  
c o n f l i c t  most a c u t e l y .  I n  c o m p a r i s o n  t o  e n g i n e e r s  a n d  master's d e g r e e  
s c i e n t i s t s  w o r k i n g  i n  R C D, h i s  i d e n t i f i c a t i o n  w i t h  t h e  p r o f e s s i o n a l  e t h i c  
is s t r o n g e r  a n d  w i t h  t h e  f i r m  w e a k e r . 2 3  The s c i e n t i f i c  e t h i c  t h e  g r a d u a t e  
s t u d e n t  b r i n g s  f r o m  s c h o o l  is m a i n t a i n e d  i n  t h e  f a c e  o f  h i s  firm's a t t e m p t s  
2 2  I b i d . ,  y. 19. 
2 3  I n  a p a t h  a n a l y t i c  m o d e l  t h e  s t a n d a r d i z e d  r e g r e s s i o n  c o e f f i c i e n t s  o f  
l e n g t h  o f  t r a i n i n g  a n d  f i e l d  p r e d i c t i n g  Hiller a n d  Y a g n e r *  s p r o f e s s i o n a l  
o r i e n t a t i o n  sca le  were p o s i t i v e  a n d  s t r o n g  e v e n  when l e n g t h  o f  s e r v i c e  a n d  
w o r k i n q  i n  a b a s i c  r e s e a r c h  l a b  were c o n t r o l l e d .  T h e  p a t h  c o e f f i c i e n t s  v e r e  
.25 a n d  respectively. I n  a n  i d e n t i c a l  m o d e l  p r e d i c t i n g  b u r e a u c r a t i c  
-- 
o r i e n t a t i o n  t h e  p a t h  c o e f f i c i e n t s  were n e g a t i v e :  -. 12 a n d  = 4 g L  
r e s p e c t i v e l y .  n i l l e r  a n d  Y a g n e r ,  p. 156. See a l s o  Doris S h e p h e r d ,  
" O r i e n t a t i o n s  o f  S c i e n t i s t s  a n d  E n g i n e e r s ,  P a c i f i c  S o c i o l o _ q i c a l  Review 
( F a l l  1 9 6 1 ) ,  pp. 79-83, 
C o s t  Effectiveness o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  196 
t o  r e s o c i a l i z e  him, S t u d i e s  have  f o u n d  t h a t  length of  t e n u r e ' s  n e g a t i v e  
ef tect on  p r o f e s s i o n a l  o r i e n t a t i o n  a n d  p o s i t i v e  e f f e c t  on c o m m i t m e n t  t o  t h e  
f irmes v a l u e s  a re  t i n y  a n d  s t a t i s t i c a l l y  i n s i g n i f i c a n t . z *  
H o w  is t h i s  c o n f l i c t  r e s o l v e d ?  The a s t u t e  s c i e n t i s t  faced w i t h  s u c h  a 
c o n f l i c t  p e r s u a d e s  ( c o n s  i n  some cases) h i s  s u p e r i o r s  t o  s u p p o r t  the l i n e  
o f  r e s e a r c h  h e  h a s  c h o s e n :  
2 4  Miller a n d  Wagner,  p. 1 5 6 ;  Hal l  a n d  S c h r o e d e r ,  " C o r r e l a t e s  o f  
O r g a n i z a t i o n a l  I d e n t i f i c a t i o n  a s  a F u n c t i o n  o f  Career P a t t e r n  a n d  
O r g a n i z a t i o n a l  T y p e , "  A d m i u i s t r a t i v e  S c i e n c e  Q u a r t e r l y  ( S e p t e m b e r  1 9 7 2 ) ,  p. 
3 4 5 .  Not s u p r i s i n g l y ,  t h e  s t u d i e s  t h a t  f i n d  a p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  
o r q a n i z a t i o n a l  i d e n t i f i c a t i o n ,  t e n u r e ,  a n d  p r o f e s s i o n a l  i d e n t i f i c a t i o n  are 
of g o v e r n m e n t  a g e n c i e s .  B e c a u s e  g o v e r n m e n t  c a n  i n t e r n a l i z e  t h e  b e n e f i t s  o f  
b a s i c  research t h e r e  is n o  n e c e s s a r y  c o n f l i c t  b e t w e e n  p r o f e s s i o n a l  and  
b u r e a u c r a t i c  o r i e n t a t i o n s .  S a n g  H. L e e ,  "An E m p i r i c a l  A n a l y s i s  o f  
O r q a r ~ i z a t i o n a l  I d e n t i f i c a t i o n , "  Academy of Manaqemgnt J o u r n a l  ( J u n e  1971) ,  
p p .  213-226;  G l a z e r ,  pp. 249-259, I n  a l a b  t h a t  h a d  v e r y  r e c e n t l y  been 
t r a r r s f e r r e d  f r o m  g o v e r n m e n t  t o  a n o n p r o f i t  c o r p o r a t i o n  d o i n g  c o n t r a c t  
r e s e a r c h ,  S h e l d o n  f o u n d  a  n e g a t i v e  r e l a t i o n s h i p  b e t w e e n  p r o f e s s i o n a l  a h d  
b u r e a u c r a t i c  o r i e n t a t i o n  a n d  a  d e c l i n e  i n  p r o f e s s i o n a l  commi t m e n t  w i t h  
l e n g t h  o r  s e r v i c e s .  Mary E. S h e l d o n ,  m I n v e s t m e n t s  a n d  I n v o l v e m e n t s  a s  
t l e c h a n i s m s  P r o d u c i n g  Commitment t o  t h e  O r q a n i z a  t i o n , "  --------- A d m i n i s t r a t i v e  
S c i e n c e _ Q u a r t e r l y  ( J u n e  19711,  pp. 143-150. 
------- ------- 
C o s t  E f f e c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  
H e  is w o r k i n g  o n  a n  e x t r e m e l p  s o p h i s t i c a t e d  p r o b l e m .  B e f o r e  h e  
b e q a n  h i s  work h e  d e f i n e d  t h e  p r o b l e m  v e r y  c a r e f u l l y  s o  t h a t  i t  
m i q h t  g p e a r  [ i t a l i c s  a d d e d ]  u s e f u l  t o  t h e  l a b .  You h a v e  t o  b e  
c a r e f u l  a n d  w a t c h  y o u r  s t e p .  You c a n n o t  d o  t h i n g s  t h a t  s i m p l y  
s u i t  y o u r  fancy. 2s 
The as tu te  m a n a g e r  g e n t l y  l e a d s  people i n t o  t h e  r e s e a r c h  areas t h a t  are 
management ' s  p r i o r i t y ,  S c i e n t i s t s  w i l l  g e n e r a l l y  c o n s i d e r  a s s i g n m e n t  t o  a 
t a s k  w i t h o u t  c o n s u l t a t i o n  a s  d e m e a n i n g .  R e f e r r i n g  t o  s u c h  a n  i n c i d e n t  o n e  
s c i e n t i s t  s a i d :  
S i n c e  I h a d  h e a r d  of  t h e  r e s e a r c h  p r o g r a m  a s  a k i n d  o f  d i c t u m ,  I 
h a d  t o  resist it .  O t h e r w i s e  o n e  is w i l l i n g  t o  get p u s h e d  a r o u n d  a 
great d e a l .  2 6  
The a s t u t e  n a n a g e r  a l s o  r e a l i z e d  t h a t  t o  m a i n t a i n  some m e n ' s  m o r a l e ,  h e  
m u s t  p e r m i t  s o m e  u n f u n d e d  r e s e a r c h  t h a t  h a s  l i t t l e  p r o f i t  p o t e n t i a l ,  
I n t e l l e c t u a l  c o n t r i b u t i o n s  a re  a l s o  r e w a r d e d .  Some t i n e s  you h a v e  
t o  l e a n  o v e r  b a c k w a r d s  t o  i n c o r p o r a t e  t h i s  i n t o  t h e  p r o f i t  
s y s t e m .  I f  t h e  i n t e l l e c t u a l  c o n t r i b u t i o n s  a r e  n o t  r e c o g n i z e d ,  t h e  
men c a n  t u r n  s o u r  b e c a u s e  of l a c k  of  r e c o g n i t i o n  f o r  i n t e l l e c t u a l  
e f f o r t s .  2 7  
The c o n f l i c t  o v e r  t h e  p u b l i c a t i o n  o f  r e s e a r c h  r e s u l t s  is r e s o l v e d  
g e n e r a l l y  by r e q u i r i n g  a r e v i e w  by  company - o f f i c i a l s  o f  b a s i c  r e s e a r c h  
p a y e r s .  D i r e c t o r s  o f  R & D a n d  p a t e n t  d e p a r t m e n t  o f f i c i a l s  were t h e  most  
f r e q u e n t l y  s i t e d  r e v i e w e r s .  O f  174 c o m p a n i e s  who d i d  a t  l e a s t  $50 ,000  w o r t h  
o f  basic r e s e a r c h  a y e a r  s u r v e y e d  b y  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n ,  14% 
a l l o w e d  s u b s t a n t i a l l y  a l l  f i n d i n g s  t o  be p u b l i s h e d ,  26% m o s t ,  45% some, a n d  
16% a l l o w e d  n o n e  t o  b e  p u b l i s h e d . 2 8  W e i g h t e d  by d o l l a r s  s p e n t  o n  b a s i c  
2 s  Marcson,  p. 103. 
2 6  Ibid:, p. 79 .  
2 1  Ibjb,, pp. 77-78. 
z e  N a t i o n a l  S c i e n c e  F o u n d a t i o n ,  P u b l i c a t i o n  o f  B a s i c  R e s e a r c h  P i n d i n q s  i n  
I n d u s t r y ,  1957-59  NSP 61-62. 
---- 
C o s t  E f f e c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  198 
r e s e a r c h ,  28% a l l o w e d  s u b s t a n t i a l l y  a l l  a n d  425 a l l o w e d  most. U h i l e  t h e  
r e v i e u  p r o c e s s  is o f t e n  j u s t i f i e d  a s  a q u a l i t y  c o n t r o l  m e a s u r e ,  it allows 
t h e  firm t o  p r e v e n t  t h e  p u b l i c a t i o n  o f  p a p e r s  t h a t  would d i v u l g e  i d e a s  
h a v i n g  s u b s t a n t i a l  p r o f i t  making  p o t e n t i a l .  
T h e  r e a s o n s  g i v e n  f o r  a l l o w i n g  t h e  p u b l i c a t i o n  of b a s i c  r e s e a r c h  
f i n d i n g s  were, i n  o r d e r  o f  i m p o r t a n c e ,  (a )  p r e s t i g e  o f  t h e  company,  (b) t h e  
p r o f e s s i o n a l  p r e s t i g e  o f  company  s c i e n t i s t s  a n d  e n g i n e e r s ,  ( c )  r e c r u i t m e n t ,  
( d )  m a i n t a i n i n g  s t a f f  m o r a l e ,  a n d  (e) p u b l i c  r e s p o n s i b i l i t y ,  R e a s o n s  b, c, 
and d a r e  a r e f l e c t i o n  o f  t h e  p r e s s u r e  p l a c e d  o n  t h e  f i r m  b y  t h e  s c i e n t i f i c  
e t h i c  o f  i t s  R G D w o r k e r s .  T h a t  p u b l i s h i n g  is  t o l e r a t e d ,  n o t  e n c o u r a g e d ,  
is f u r t h e r  s u p p o r t e d  by t h e  t a c t  t h a t  w h i l e  a l l  b u t  t w o  f i r m s  p e r m i t t e d  t h e  
p r e p a r a t i o n  of a r t i c l e s  on company time, o n l y  t w e l v e  had a  company r e w a r d  
f o r  p u b l i c a t . i o n .  
H i g h e r  management  u a s  n o t  aware o f  t h e  s l a c k  t h a t  e x i s t e d  i n  t h e i r  
r e s e a r c h  l a b o r a t o r i e s  t o w a r d  t h e  e n d  o f  t h e  s i x t i e s .  When f e d e r a l  f u n d i n g  
o f  r e s a a r c h  was c u t  o r  t h e  company had  a b a d  y e a r ,  t h e y  r e d u c e d  t h e  s i z e  o f  
t h e i r  r e s e a r c h  s t a f f  a n d  r e o r i e n t e d  r e s e a r c h  towagd  more  i m m e d i a t e  a n d  
a p p l l e d  o b j e c t i v e s .  One s c i e n t i s t  who s u r v i v e d  t h e  c u t b a c k s  d e s c r i b e d  i t  
t h i s  way: 
B u d g e t s  h a v e  t i g h t e n e d  up,  r e a l l y ,  t h e  o v e r h e a d  b u d g e t ' s  g o t t e n  
quite t i g h t .  ... I t i s  c u t  down o n  a l o t  o f  p u r e  r e s e a r c h  f o r  
r e s e a r c h ' s  sake, 2 9  
2 9  Q u o t e d  i n  D o u g l a s  T. Hal l  a n d  Roger  M a n s f i e l d ,  M O r g a n i z a t i o n a l  a n d  
I n d u s t r i a l  R e s p o n s e  t o  E x t e r n a l  S t r e s s W n  I d m i n i S t r a  ti ve Science_ Q u a r t e r l p  
16: 4 (December 1 9 7 1 ) ,  p. 540 .  
C o s t  E f f e c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  199 
T h e s e  c u t b a c k s  are n o t  v i t h o u t  t h e i r  c o s t s  i n  t h e  s f f e c t i v e n e s s  of t h e  
I r e s e a r c h  o r g a n i z a t i o n ,  however .  The c o o p e r a t i v e  s p i r i t  t h a t  is e s s e n t i a l  i f  I s c i e n t i s t s  a re  t o  b e  p r o d u c t i v e  t e n d s  t o  b r e a k  down. 
I t h i n k  t h e r e  is a l s o  a t e n d e n c y  f o r  a b reakdown i n  
c o m m u n i c a t i o n .  I t h i n k  t h e r e  is t e n d e n c y  t o ,  when money is t i g h t ,  
d e v e l o p  o n e ' s  own e m p i r e ,  make s u r e  you  h a v e  y o u r  g r o c e r i e s  a n d  
n o t  w o r r y  a b o u t  t h e  o t h e r  guy. And t h e  r e s u l t  o f  t h a t  i s  t h a t  
many p e o p l e  h a v e  t o d a y ' s  g r o c e r i e s ,  b u t  t h e y ' r e  n o t  w o r r i e d  a b o u t  
t h e  g r o c e r i e s  t h e  c o m p a n y ' s  g o i n g  t o  h a v e  tomorrow.  3 0  
T h e  o u t c o m e  o f  t h i s  c o n f l i c t  b e t u e e n  t h e  s c i e n t i s t  a n d  h i s  e m p l o y e r  is 
a c o m p r o m i s e .  D e s p i t e  t h e  fact t h a t  it is a g a i n s t  t h e  in teres t  o f  t h e  f i r m ,  
t h e  s c i e n t i s t  is g e n e r a l l y  allowed t o  p u b l i s h  t h e  r e s u l t s  o f  h i s  b a s i c  
r e s e a r c h .  I n  many cases t h e  o p p o r t u n i t y  t o  d o  b a s i c  r e s e a r c h  p a r t  o f  t h e  
time o r  on a  r o t a t i n g  b a s i s  i s  p a r t  o f  t h e  n e g o t i a t e d  p r e q r e q u i s i t e s  o f  t h e  
job, a n d  a s  a  c o n s e q u e n c e  t h e  f i r m  d o e s  more b a s i c  r e s e a r c h  t h a n  i t  
o t h e r w i s e  would .  T h e  s c i e n t i s t  i s  g i v e n  some f r k e d o m  t o  c h o o s e  e v e n  h i s  
area o f  a p p l i e d  r e s e a r c h  a n d ,  a s  a c o n s e q u e n c e ,  a smaller p o r t i o n  o f  t h e  
b e n e f i t s  o f  a p p l i e d  r e s e a r c h  w i l l  a c c r u e  t o  t h e  f i r m .  
From s o c i e t y ' s  p o i n t  o f  v iew t h e  r e s o l u t i o n  o f  t h i s  c o n f l i c t  h a s  b o t h  
g o o d  a n d  b a d  a s p e c t s .  On t h e  o n e  hand ,  a h i g h e r  p r o p o r t i o n  o f  s c i e n t i s t  
time is s p e n t  on  b a s i c  r e s e a r c h ,  a n d  d i s c l o s u r e  o c c u r s  more q u i c k l y .  T h i s  
is good.  On t h e  o ther  hand ,  f e v e r  s c i e n t i s t s  a r e  e m p l o y e d  b e c a u s e  t h e  
e f f e c t i v e  p r i c e  of  t h e  r e s e a r c h  t h a t  c o n t r i b u t e s  t o  p r o f i t s  h a s  r i s e n .  
T h e s e  e f f e c t s  a re  much weaker  f o r  e n g i n e e r s  a n d  b a c h e l o r  a n d  master's 
s c i e n t i s t s ,  so  f i r m s  t e n d  t o  s u b s t i t u t e  them f o r  Ph.D. s c i e n t i s t s  i n  
a p p l i e d  r e s e a r c h  a n d  p r o d u c t  d e v e l o p m e n t  work. T h i s  means it is s o c i a l l y  
! 
i C o s t  E f f e c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  200 
d e s i r a b l e  t h a t  t h e  s u b s i d y  of Ph. D. s c i e n t i s t  e m p l o y m e n t  be  l a rger  t h a n  t h e  
I 
s u b s i d y  o f  e n g i n e e r s  a n d  masters s c i e n t i s t s . 3 r  
I f  t h e  effect of g r a d u a t e  e d u c a t i o n  s u b s i d i e s  is t o  create d y n a m i c  
I s u r p l u s e s  o f  Ph.  D. s c i e n t i s t s ,  t h e r e  may be a c o u n t e r a c t i n g  t e n d e n c y  d u e  t o  
r e d u c e d  b a r g a i n i n g  p o w e r  of t h e  Ph.D. s c i e n t i s t s .  A r e o r i e n t a t i o n  t o w a r d s  
I 
a p p l i e d  w o r k  was o b s e r v e d  i n  t h e  t h r e e  firms t h a t  s u f f e r e d  a r e d u c t i o n  i n  
o r g a n i z a t i o n a l  s l a c k .  32  U h e t h e r  such c u t b a c k s  a re  a t e m p o r a r y  r e s u l t  o f  I 
d i s e q u i l i b r i u m  or  a p e r m a n e n t  r e s u l t  of t h e  g r e a t e r  a v a i l a b i l i t y  o f  
s c i e n t i s t s  is n o t  c l e a r .  T h e  r e c r u i t m e n t  m o t i v e  f o r  a l l o w i n g  a n d  p u b l i s h i n g  
b a s i c  r e s e a r c h  is n o t  o p e r a t i v e  when n o  new h i r i n g  is c o n t e m p l a t e d .  
Organizational t h e o r i e s  o f  t h e  f i r a  would  a l s o  i m p l y  t h a t  t h e  b a s i c  
research c u t b a c k s  dre t e m p o r a r y .  On t h e  o t h e r  h a n d ,  t h e  new e q u i l r b r i u m  a t  
a lower wage w i l l  l o w e r  t h e  s h a r e  o f  time d e v o t e d  t o  b a s i c  r e s e a r c h  i f  t h e  
i n c o m e  e l a s t i c i t y  o f  demand f o r  time s F e n t  o n  b a s i c  r e s e a r c h  is g r e a t e r  
t h a n  t h e  p r i c e  e l a s t i c i t y  (1. e , h i g h e r  waga ra tes  r e s u l t  i n  m o r e  t i n e  
s p e n t  o n  b a s i c  r e s e a r c h ) .  One c i d v a n t a g e  of t h e  d i r e c k  s u b s i d y  a p p r o a c h  t o  
p r o m o t i n q  s c i e n t i s t  e m p l o y m e n t  is t h a t  h i g h  wage l e v e l s  are m a i n t a i n e d ,  a n d  
I t h i s  may e m b o l d e n  scientists t o  d e m a n d  more b a s i c  r e s e a r c h  time. 
T h e  m a i n  d i f f  i c u l t p  w i t h  a d i r e c t  s u b s i d y  is, h o w e v e r ,  t h a t  i t  is 
almost  c e r t a i n l y  p o l i t i c a l l y  i m p o s s i b l e  t o  s u b s i d i z e  t h e  Ph.D. s c i e n t i s t  
3 1  T h e  case f o r  s u b s i d i z i n g  Ph.D. s c i e n t i s t s  more t h a n  e n g i n e e r s  d e r i v e s  
p r i m a r i l y  f r o m  t h e  a l t e r a t i o n  of t h e i r  u t i l i t y  f u n c t i o n s .  Often i n t e r -  
p e r s o n a  1 c o m p a r i s o n s  o f  u t i l i t y  f u n c t i o n s  a re  c o n s i d e r e d  i m p o s s i  b l e .  I n  
a n o t h e r  c o n t e x t ,  B u r t o n  Y e i s b r o d  h a s  a r g u e d  t h a t  c e r t a i n  u t i l i t y  f u n c t i o n s  
h a v e  pargtg s u p e r i o r i t y  o v e r  o t h e r s .  B u r t o n  Weisbrod, "Yes U t i l i t y  
F u n c t  i o n s  C a n  be C o m p a r e d  i n  E f f i c i e n c y  T e r m s n  ( u n p u b l i s h e d ,  U n i v e r s i t y  of 
W i s c o n s i n ,  H a d i s o n )  . 
3 2  Ha11 a n d  M a n s f i e l d ,  p. 542.  
I 
1 
Cost Ef f e c t i v e r ~ e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  20 1 
more t h a n  t h e  o t h e r  p a r t i c i p a n t s  i n  I( G D. I f  o u r  a r g u m e n t  i s  a c c e p t e d ,  
e v e n  e m p l o y m e n t  s u b s i d i e s  a r m e d  a t  t e c h n i c a l  p e r s o n n e l  i n  b a s i c  r e s e a r c h  
will n o t  b e  a s  t a r g e t  e f f e c t i v e  a s  g r a d u a t e  s c h o o l  s u b s i d i e s . 3 3  
IIB. EXPECTED LOSSES O F  TRADE SECRETS 
T h e  s e c o n d  reasoxr f i r m s  w i l l  n o t  h i r e  a s  many s c i e n t i s t s  a n d  e n g i n e e r s  
a s  is s o c i a l l y  o p t i m a l  i s  t h e  r i s k  t h e y  t a k e  t h a t  t e c h n o l o g r c a l  t r a d e  
secrets w r l l  b e  " s t o l e n , "  T e c h n o l o g i c a l  t r a d e  secrets are d i v u l g e d  w i t h i n  a 
c o m p a n y  on a n e e d  t o  know b a s i s .  T e c h n i c i a n s  and secretarres i n  t h e  B & D 
d e p a r t m e n t  d o  n o t  h a v e  a n e e d  t o  know a n d  g e n e r a l l y  w o u l d  n o t  h a v e  t h e  
b a c k q r o u n d  n e c e s s a r y  t o  l e a r n  a secret. 
I t  was r e c e n t l y  e s t i m a t e d  t h a t  "US c o m p a n i e s  now r ea l l ze  n e a r l y  $2 
m e n t s  w i t h  f o r e i g n  c o n p a n l e s .  " a *  T h e  
managing e d i t o r  of D u n q s  R e v i e w ,  J o h n  P e r l h a m ,  h a s  r e p o r t e d  t h a t  Mestirnates 
of losses  t o  US i n d u s t r y  c a u s e d  by e s p i o n a g e  r u n  a s  h i g h  a s  $ 4  b i l l i o n  a 
year." L e a k a g e  of R & D discoveries a n d  i n  p l a c e  p r o d u c t i o n  t e c h n o l o g y  a r e  
t h e  primdry  t y p e  o f  i n f o r m a t i o n  l o s t ,  a n d  l t c a r e l e s s , w  t l d i s l o y a l , t *  a n d  
t 
m o b i l e  e m p l o y e e s  t h e  major s o u r c e  of t h e  l e a k s .  I f  * t h e  3 7 2 , 0 3 0  e n g i n e e r s  
a n d  s c i e n t i s t s  i n  R & D a re  r e s p o n s i b l e  f o r  o n l y  $500 m i l l i o n  i n  losses, 
t h e  a v e r a g e  l o s s  p e r  e m p l o y e e  is $1344 p e r  y e a r ,  o r  o v e r  7 %  of 
c o m p e n s a t r o n .  I f  t h e  7 3 9 , 0 0 0  o t h e r  e n g i n e e r s  a n d  s c i e n t i s t s  who work  i n  
----- 
3 3  A g o v e r n m e n t a l  r e w a r d  system f o r  s i g n i f i c a n t  p u b l i s h e d  c o n t r i b u t i o n s  
made by p r o f i t  m a k i n g  sector e m p l o y e e s  is t h e  m o s t  d i r e c t  way o f  
compensating f o r  e x t e r n a l l t i e s .  N e g o t i a t e d  cant-racts a l s o  m i g h t  s e r v e ,  b u t  
h e r e  p a t ~ n t  a s s i g n a b i l i t y  a n d  t r a d e  s e c r e c y  i s s u e s  may m a k e  t h e  f i r m  
r e l u c t a n t  t o  p a r t i c i p a t e .  
3 4  Rope  L a d l o w ,  " M i l l  I t  Get H a r d e r  t o  Keep a T r a d e  S e c r e t - S e c r e t ? ' * ,  
C o n f e r e n c d o a r d  R e c o r d  ( J a n a u r y  1 9 7 0 ,  p. 19. 
- L 
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p r i v a t e  i n d u s t r y  a r e  r e s p o n s i b l e  f o r  a n o t h e r  5500  m i l l i o n ,  the a v e r a g e  loss 
p e r  e m p l o y e e  is $677 p e r  y e a r . 3 s  I n e v i t a b l y ,  new e m p l o y e e s  a r e  g r e a t e r  
r i s k s  t h a n  o l d  e m p l o y e e s ,  s o  t h e  e x p e c t e d  l o s s  a t  t h e  marg in ,  new h i r e s ,  
s h o u l d  be g r e a t e r  t h a n  t h e  a v e r a g e  loss,  Thus ,  u n d e r u t i l i z a t i o n  o f  
s c i e n t i s t s  s h o u l d  b e  g r e a t e s t  when R 6 D p r o g r a m s  a r e  e x p a n d i n g  a n d  when 
t u r n o v e r  is h i g h .  
D e s p i t e  t h e  i l l e g a l i t y  o f  d i v u l g i n g  o n e  firm's t r a d e  secrets  t o  
a n o t h e r ,  h i g h  t e c h n o l o g y  c o m p a n i e s  a r e  v e r y  c o n c e r n e d  a b o u t  t h e  p r o b l e m .  I n  
t 
a  r e c e n t  a r t i c l e  i n  Management  R e v i e s  a management  c o n s u l t a n t  and  d i r e c t o r  
1 o f  s e c u r i t y  f o r  A e r o s p a c e  C o r p o r a t i o n  c o m p l a i n e d  t h a t ,  
3 5  A n o t h e r  way t o  estimate t h e  v a l u e  o f  c u s t o m e r  good  ~ w i l l ,  p a t e n t s ,  a n d  
t r a d e  secre ts  is t o  c o m p a r e  t h e  m a r k e t  v a l u e  of  a f i r m  t o  its book v a l u e .  
W i t h  a book v a l u e  of  977 p e r  s h a r e  IBH se l l s  f o r  $200+. T h i s  d i f f e r e n c e  
between 1 B H ' s  m a r k e t  v a l u e  a n d  book v a l u e  is i n  e x c e s s  o f  314 b i l l i o n ,  I f  
$10 b i l l i o n  is  a d o p t e d  a s  t h e  v a l u e  of a l l  t r a d e  secrets w i t h i n  t h e  U.S., 
a n d  e a c h  secret. i s  known b y  a n  a v e r a g e  o f  20 p e o p l e ,  t h e  t y p i c a l  s c i e n t i s t  
c a r r i e s  i n  h i s  h e a d  o r  h i s  f i l e s  proprietary i n f o r m a t i o n  w o r t h  $537 ,000  on  
t h e  o p e n  market. A b o u t  4% o f  s c i e n t i s t s  a n d  e n g i n e e r s  c h a n g e  j o b s  e v e r y  
y e a r  (see Table B ) .  If o n l y  5% o f  t h i s  p r o p r i e t a r y  k n o u l e d g e  a n  o l d  
e m p l o y e e  knows is c o m m u n i c a t e d  t o  h i s  new e m p l o y e r ,  t h e  e m p l o y e r ' s  e x p e c t e d  
l o s s  o f  t r a d e  secrets i s  51074 ( o r  a b o u t  6% o f  c o m p e n s a t i o n )  f o r  e v e r y  y e a r  
o f  e m p l o y l a e n t .  T h i s  e s t i m a t e  assumed t h a t  t h e  size of  t h e  t e m p t a t i o n ,  t h e  
v a l u e  of t h e  t r a d e  secrets a n  i n d i v i d u a l  knows, is u n r e l a t e d  t o  h i s  
l i k l i h o o d  o f  p a s s i n g  them t o  a n o t h e r  f i r m .  A more r e a l i s t i c  v i e w  o f  human 
n a t u r e  w o u l d  i m p l y  a p o s i t ~ v e  c o r r e l a t i o n  b e t w e e n  t e m p t a t i o n  a n d  t h e  
l e a k a g e  of  secrets. 
C o s t  E f  f e e t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  20 3 
T r a d e  secrets o f t e n  a r e  a n  i m p o r t a n t  p a r t  o f  a d e p a r t i n g  
e m p l o y e e t  s t o t a l  c a p a b i l i t i e s ,  , . . B e c a u s e  o f  u n i n t e n t i o n a l  release 
o f  i n f o r m a t i o n  and s u b c o n s c i o u s  u t i l i z a t i o n  of t r a d e  secrets, i t  
- o f t e n  is d i f f i c u l t  t o  p r o v i d e  t h a t  a v i o l a t i o n  h a s  o c c u r r e d .  36 
P r o v i n g  t h a t  a  t r a d e  secret h a s  b e e n  v i o l a t e d  i s  c o s t l y  a n d  d i f f i c u l t .  
T h e  p l a i n t i f f  m u s t  p r o v e :  
(1) T h a t  t h e  d e f e n d a n t  is u s i n g  t h e  t e c h n i q u e  which  t h e y  c o n s i d e r  a 
secret . 
( 2 )  T h a t  t h e  k n o w l e d g e  e m b o d i e d  i n  t h e  t e c h n i q u e  was o b t a i n e d  f r o m  t h e  
p l a i n  t i f f  ( i . e . ,  t h a t  i t  was  n o t  d e v e l o p e d  i n d e p e n d e n t l y ) .  
(3) T h a t  t h e  i n t o r m a t i o n  was i n  f a c t  n o t  g e n e r a l l y  known. 
( 4 )  That t h e  p l a i n t i t f  made a n  e f f o r t  t o  k e e p  t h e  i n f o r m a t i o n  secret. 3 7  
In  p a t e n t  l i t i q a t i o n  t h e  p l a i n t i f f  o n l y  n e e d s  t o  p r o v i d e  ( 1 ) .  I t  c a n  a l s o  
t a k e  a l o n q  time t o  win a c a s e .  It t o o k  1 3  y e a r s  of  l i t i g a t i o n  b e f o r e  
c a r t e r  p r o d u c t s  won a j u d g m e n t  a g a i n s t  C o l q a t e  P a l m o l i v e  t o r  o b t a i n i n g  t h e  
secret b e h i n d  Rise s h a v i n g  cream. 
a- 
\ T e c h n i q u e s  t h a t  one s i d e  of t h e  fence c o n s i d e r s  e s p i o n a g e  t h e  o t h e r  
s i d e  c o n s i d e r s  e t h i c a l  i n f o r m a t i o n  g a t h e r i n g  a c t i v i t i e s .  F o r  i n s t a n c e ,  most  
e x e c u t i v e s  (59% i n  o n e  s u r v e y )  a p p r o v e  o f  h i r i n g  k e y  e m p l o y e e s  away  from a 
corn pe t i  t o r  a s  a u s e f u l  a n d  e t h i c a l  i n £  orma t i o n  g a t h e r i n g  t e c h n i y  ue. 39 Only 
25% o f  t h e  e x e c u t i v e s  e x p e c t e d  a  new e m p l o y e e  i n  t h e i r  f i r m  t o  w i t h h o l d  
3 6  R i c h a r d  H e a l y  a n d  T i a o t h y  Walsh,  " T r a d e  S e c r e t s :  Is T h e r e  a  F i f t h  Column 
i n  Your  Company," B a n a s e m e n t  Rev iew ( A u g u s t  1 9 7 1 ) ,  p- 17. 
37 J o h n  S t e d m a n ,  n E m p l o y e r - E a p l o y e e  R e l a t i o n s n  i n  F r e d r i c k  Neumeyer,  The 
Employed I n v e n t o r  i n  t h e  U n i t e d  S t a t e s  (Cambr idge ,  Mass: HIT P r e s s ,  1971) , 
p p -  55-62. 
38  n P c o b i  e n s  i n  R e v i e w - - I n d u s t r i a l  E s p i o n a g e  ,*' H a r v a  r d  B u s i n e s s  Review 
Nov. -Dec., 1959 
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I c o m p e t i t o r ' s  secrets. If  a c o ~ p e t i t o r  m h a s  d o n e  v a l u a b l e  r e s e a r c h  y o u  d o n ' t  
4 h a v e , "  41 .5% s u g g e s t e d  h i r i n g  a k e y  e m p l o y e e  f r o m  t h e  c o m p e t i t o r  as a m e a n s  
I 
o f  g a t h e r i n g  i n f o r m a t i o n .  T h e  same e x e c u t i v e s  were a s k e d  w h e t h e r  t h e y  w o u l d  
a c c e p t  t h e  o f f e r  of a b e t t e r  j o b  i n  a n o t h e r  f i r m .  T u e n t y - t h r e e  p e r c e n t  s a i d  
t h e y  v o u l l  a c c e p t  it i m m e d i a t e l y ;  55% s a i d  . t hey  would  " i n f o r m  [ a ]  s u p e r i o r ,  
c o n s i d e r  a c o u n t e r o f f e r  i f  made,  t h e n  make a d e c i s i o n . "  If n o t  o b l i g a t e d  
(by c o n t r a c t )  t o  t h e i r  p r e v i o u s  e m p l o y e r  n o t  t o  r e v e a l  h i s  secrets,  o n l y  
16.5% ( 3 . 4 %  i n  e n g i n e e r i n g  i n d u s t r i e s )  s a i d  t h e y  w o u l d  " w i t h h o l d  key  
i n f o r m a t i o n  f r o m  n e w  e m p l o y e r .  
T h e  e x - e m p l o y e r  h a s  a d i f f e r e n t  p e r s p e c t i v e .  I n  o r d e r  t o  i m p r e s s  u p o n  
their e m p l o y e e s  t h e  s e r i o u s n e s s  w i t h  w h i c h  t h e  f i r m  v i e u s  t h e  matter a n d  t o  
s a t i s f y  ( 4 ) ,  many f i r m s  r e q u i r e  as  a c o n d i t i o n  of e m p l o y m e n t  t h a t  a l l  R & D 
employees s l g n  a secrecy a g r e e m e n t .  A 1965 s t u d y  f o u n d  t b a t  a m a j o r i t y  o f  
t h e  c o m p a n i e s  r e q u i r e d  s u c h  a c o n t r a c t  a s  a c o n d i t i o n  of e m p l o y m e n t . 3 9  A 
l a r g e  n u m b e r  o f  f i r m s  a l s o  c o n d u c t  e x l t  i n t e r v i e w s  i n  w h i c h  e m p l o y e e s  who 
h a v e  been e n t r u s t e d  w i t h  t r a d e  secrets  a r e  r e m i n d e d  o f  t h e i r  o b l i q a t i o n . * o  
O f t e n  t h e  new e m p l o y e r  is w a r n e d  a s  well. 
T h e r e  h a v e  e v e n  k e e n  a t t e m p t s  t o  p r e v e n t  e x - e m p l o y e e s  f r o m  w o r k i n g  f o r  
c o m p e t i t o r s ,  S o m e t i m e s  a p r o h i b i t i o n  a g a i n s t  w o r k i ~ ~ g  f o r  a c o m p e t i t o r  f o r  a 
s p e c i f i e d  p e r i o d  a f t e r  e m p l o y m e n t  i s  w r i t t e n  i n t o  t h e  e m p l o y m e n t  c o n t r a c t .  
S o m e t i m e s  t h e  portability of p e n s i o n  o r  p r o f i t  s h a r i n g  p l a n s  is made 
3 9  R o q e r  O q M e a r a ,  E m p l o x e e  P a t e n t  a n d  S e c r e c y  h q r e e m e n t s ,  S t u d r e s  i n  
P e r s o n n e l  P o l i c y  # 199  (Hew P o r k :  N a t i o n a l  I n d u s t r i a l  C o n f e r e n c e  B o a r d ,  
1965) .  Eighty-six f i r s t  t b a t  c o n d u c t  R G D were s u r v e y e d .  
4 0  R o g e r  O@ R e a r a ,  " H o w  S m a l l e r  C o ~ p a n i e s  P r o t e c t  T h e i r  Secrets," t h e  
C o n f e r e n c e  B o a r d  1971. 
--,--,-,I 
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c o n t i n g e n t  o n  n o t  w o r k i n g  f o r  a c o m p e t i t o r .  Such c o n t r a c t s  a n d  p e n s i o n  
provisions h a v e  n o t  g e n e r a l l y  b e e n  e n  f o r c e a b l e  i n  t h e  c o u r t s ,  h o u e v e r .  4 1  
T h e  l e a r n i n g  o f  t r a d e  secrets  w h i l e  w o r k i n g  is a n a l o g o u s  t o  o n - t h e - j o b  
g e n e r a l  t r a i n i n g .  T h e o r y  t e l l s  u s  t h a t  o n e - t h e -  j o b  t r a i n i n g  which  p r o d u c e s  
k n o w l e d g e  a n d  s k i l l s  u s e f u l  t o  o t h e r  e m p l o y e r s  is e f f e c t i v e l y  p a i d  f o r  by 
t h e  e m p l o y e e .  4 2  B e c a u s e  o f  t h e  o p p o r t u n i t i e s  t o  l e a r n ,  p e o p l e  o f f e r  t o  work 
f o r  less t h a n  t h e y  c o u l d  g e t  i n  a l t e r n a t e  e m p l o y m e n t  w h e r e  l e a r n i n g  
o p p o r t u n i t i e s  a r e  n o t  a s  g r e a t .  The  e m p l o y e e  i s  w i l l i n g  t o  b e  p a i d  less 
b e c a u s e  h e  w i l l  be p a i d  more l a t e r .  
T h e  p r o s p e c t  o f  b e i n g  a b l e  t o  l e a r n  t r a d e  secrets d o e s  n o t  p r o d u c e  
s i m i l a r  c o m p e t i t i o n  f o r  j o b s  b e c a u s e  t h e  t y p i c a l  e m p l o y e e  d o e s  n o t  e x p e c t  
t o  q a i n  a n y t h i n q  f r o m  t h e  t r a d e  secrets h e  w i l l  l e a r n .  Even i f  t he re  were 
n o  e t h i c a l  q u a l m s  a b o i t  s t e a l i n g  a secret, it is  v e r y  d i f f i c u l t  t o  
c a p i t a l i z e  o n  t h e  secret knowledge .  Going i n t o  b u s i n e s s  f o r  o n e s e l f  u s i n g  
t h e  secret r e s u l t s  i n  c e r t a i n  d e t e c t i o n .  To  h i d e  t h e  f a c t  t h a t  the secret 
is b e i n g  u s e d ,  t h e  e x - e m p l o y e e  is f o r c e d  t o  t a k e  t h e  secret t o  a n o t h e r  
l a r g e  e m p l o y e r .  The e m p l o y e e ' s  l a c k  o f  o p t i o n s ,  t h e  p r o s p e c t  o f  b e i n g  
c a u g h t ,  o f  h a r a s s i n g  l i t i g a t i o n ,  a n d  t h e  p o s s i b i l i t y  t h e  e m p l o y e e  s i g h t  
s tea l  a secret f r o m  t h e  new e m p l o y e r  means  t h a t  t h e  car r ier  o f  t h e  t r a d e  
secret d o e s  n o t  r e c e i v e  f u l l  m a r k e t  v a l u e .  fluch of t h e  time t h e  e m p l o y e e  
d o e s  n o t  r e a l i z e  t h e  v a l u e  o f  t h e  i n f o r m a t i o n .  I n  1964 Eugene  X a y f l e l d ,  a  
- - 
4 1  B. F. G o o d r i c h  v. Y a h l g e m a t h  (192 NE, p. 99) , a n d  Yare  v. flerrill, 
Lynch ,  P i e r c e ,  P e n n e r  a n d  S m i t h ,  I n c . ,  C.C.B. 1972 T r a d e  Cases, p a r a .  
74.136 ( C a l i f .  Sup. C t .  1 9 7 2 ) .  h o l d i n g  a r e s t r i c t i o n  i n  a  p r o f i t - s h a r i n g  
a g r e e m e n t  b a r r i n g  a n  e x - e m p l o y e e  f r o m  e n g a g i n g  i n  c o m p e t i t i o n ,  i l l e g a l  
u n d e r  C a l r f o r n i a  a n t i t r u s t  law. 
4 2  T i m o t h y  Y a l s h  & R i c h a r d  H e a l g ,  P r o t r c t i n q  Y O U E  B u s i n e s s  A q a i n s t  
EsJionaqe ( A m e r i c a n  Hanagement  ~ s s o c i a t i o n ,  197 3) p. 10. 
- 
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m a n a g e m e n t  t r a i n e e  a t  P r o c t e r  E Gamble, was caught o f f e r i n g  C r e s t ' s  
m a r k e t i n g  p l a n  f o r  1 9 6 4 / 6 5  t o  C o l g a t e .  Y h i l e  P r o c t e r  a n d  G a m b l e  l a t e r  
e s t i m a t e d  t h e  p l a n  c o u l d  b e  w o r t h  a s  much a s  3 1 0 0  m i l l i o n  t o  a c o m p e t i t o r ,  
t h e  p r i c e  M a y f i e l d  s e t  was $ 2 0 , 0 0 0 . 4 3  T h u s ,  when o n e  more  s c i e n t i s t  is 
h i r e d ,  t h e  v a l u e  of t h e  f i r m ' s  e x p e c t e d  l o s s  of t r a d e  secrets is much 
g r e a t e r  t h a n  s c i e n t i s t s '  e x p e c t e d  g a i n  f r o m  s e l l i n g  t h e m .  
I T C .  GJ HIS'I LE BLOY I N G  
A n o t h e r  r i s k  a flrm t a k e s  when i t  h i r e s  a p r o f e s s i o n a l  i s  t n a t  i t  1s 
h i r i n g  a " u b l s t l ~  b l o w e r . "  A t t w h r s t l e  b l o w e r t f  i s  a n  e m p l o y e e  who g o e s  
p u b l i c  ( l e a k i n g  a  s t o r y  t o  a r e p o r t e r ,  r e s i g n i n g  i n  p r o t e s t ,  c o n t a c t i n g  a 
c o n g r e s s i o n a l  c o m m i t t e e  or r e g u l a t o r y  a q v n c y )  , when  h e  is u n a b l e  t o  
I p e r s u a ~ l e  superiors t o  a c t  i n  w h a t  h e  v i e w s  t o  b e  the p u b l i c  i n t e r e s t .  
, 
I D e s p i t e  t h e  f a c t  t h a t  w h r s t l e  b l o w i n g  cften i n v o l v e s  re lease  of r n f o r m a t i o n  a 
c o n s i d e r e d  secret by t h e  e m p l o y e r ,  t r a d e  secrecy law s e l d o m  a p p l l e s .  The  
consequences f o r  the w h l s t l e  b l o w e r  a re  t y p i c a l l y  b e i n g  d e m o t e d  o r  f i r e d  
a n d  ostracized b y  c t h e r  p o t e n t i a l  e m p l o y e r s .  O f  t h e  30 "whistle b l o w e r s u  
d e s c r i b e d  I n  a b o o k  e d l t e d  b y  R a l p h  N a d e r ,  10 were e n g i n e e r s ,  3 Ph.D. 
p h y s i c i s t s ,  4 H D 8 s ,  1  a v e t e r r n a r i a n ,  arid 7 o t h e r s  were c o l l e q e  g r a d u a t e s  
i n  n o n t ~ c h n l c a l  f i e l d s . + 4  T h e  a s s o c i a t i o n  o f  c o l l e g e  a n d  g r a d u a t e  t r a i n i n g  
with "whistle b l o w e r s M  r e f l e c t s  (a) t h e i r  access t o  t h e  c r i t i c a l  
i n f o r m a t i o n ,  (b)  t h e  f a c t  t h a t  t h e l r  p r o f e s s i o n a l  t r a i n i n g  p r o v i d e s  
4 3  S e r w i n  R o s e n ,  " L e a r n i n g  a n d  E x p e r i e n c e  i n  t h e  L a b o r  L la rke t , "  J o u r n a l  of  
Human R e s o u r c e s  I :  3, Summary 1 9 7 2 ,  p. 3 2 6 ;  G a r y  B e c k e r  H u m a n C a p i t a l  
-------------- 
( N e w  Yock: N a t i o n a l  B u r e a u  o f  E c o n o m i c  R e s e a r c h )  . 
4 4  R a l p h  N a d e r ,  P e t e r  P e t k a s ,  a n d  Kate B l a c k w e l l ,  e d s .  W h i s t l e  B lowinq ,  
R e i o r t  of t h e  C o n f  e r e n c e  o n  P r o f e s s i o ~ a l  R e s p o n s i b i l i t y  ( N e w  Yor k: G r a s s m a n  
-- ------------------- 
P u l i s h e r s ,  1372)  . 
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c r e d i b i l i t y  t o  t h e i r  s t o r y  a n d  ( c )  t h e  a s s i g n m e n t  o f  s c i e n t i s t s  a n d  
e n g i n e e r s  t o  j o b s  w h e r e  t h e i r  p r o f e s s i o n a l  s t a n d a r d s  may c o n e  i n t o  c o n f l i c t  
w i t h  t h e  c o m p a n y ' s  i n t e r e s t s .  L a w y e r s  whose e t h i c s  p r o h i b i t  them f r o m  
t u r n i n g  o n  t h e i r  c l i e n t s  w i l l  b e  s u b s t i t u t e d  f o r  s c i e n t i s t s  where p o s s i b l e .  
From t h e  f  i r r ' s  p e r s p e c t i v e  " w h i s t l e  b l o w i n g "  i s  n s a b o t a g e .  From 
s o c i e t y v s  p e r s p e c t i v e ,  however ,  w h a t  is d a m a g i n g  t o  t h e  f i r m  b e n e f i t s  t h e  
p u b l i c ,  o r  a t  l e a s t  a  competitor.*^ " S a b o t a g e "  b y  o t h e r  e m p l o y e e s  is 
d i f f e r e n t .  T h e i r  h o s t i l i t y  g e n e r a l l y  l o w e r s  t h e  q u a l i t y  o r  q u a n t i t y  o f  
p r o d u c t i o n ;  c o s t s  a r e  r a i s e d .  What h u r t s  t h e  f i r m  h u r t s  t h e  c o n s u m e r  a s  
well. T h u s  h i r i n g  f e w e r  w o r k e r s  b e c a u s e  o f  t h e  f e a r  o f  " s a b o t a g e "  c o i n c i d e s  
w i t h  t h e  p u b l i c  i n t e r e s t  i n  m o s t  cases. The f e a r  o f  " w h i s t l e  b l 9 w i n g U  a n d  
secret s t e a l i n g  is t h e  e x c e p t i o n .  
a 
111. CONCLUSIONS B N D  RECORMENDATIONS FOR FUTURE RESEARCH 
Is t h e  s u b s i d y  o f  g r a d u a t e  e d u c a t i o n  a c o s t  e f f e c t i v e  means  o f  
e n c o u r a g i n g  r e s e a r c h  a n d  u n d e r g r a d u a t e  t e a c h i n g  i n  t h e  l o n g  r u n ?  The a n s w e r  
, 
is, "It d e p e n d s , * '  It d e p e n d s  o n  w h e t h e r  e x t r a  d o l l a r s  o f  d i s c o u n t e d  
e x p e c t e d  f u t u r e  wages,  o r  e x t r a  d o l l a r s  o f  c u r r e n t  s u b s i d y  h a v e  a b i g g e r  
e f f e c t  on t h e  f u t u r e  s u p p l y  o f  s c i e n t i s t s  t e a c h i n g  a n d  d o i n g  r e s e a r c h .  It 
d e p e n d s  on t h e  s t r e n g t h  a n d  effect o f  t h e  g o a l  c o n f l i c t  b e t w e e n  t h e  
s c i e n t i s t  a n d  h i s  e m p l o y e r ,  I t  d e p e n d s  o n  how l a r g e  t h e  firm p e r c e i v e s  t o  
b e  t h e  r i s k  o f  h i r i n g  a " w h i s t l e  b lower ,#*  a  spy ,  o r  i n d r s c r e e t  t a l k e r .  
B e f o r e  a j u d g m e n t  c a n  b e  made a b o u t  t h e  l o n g  r u n  c o s t  e f f e c t i v e n e s s  of 
4 5  Even i t  N a d e r  a n d  h i s  e n q i n e e r  i n f o r m a n t  were wrong  a b o u t  t h e  d a n g e r  o f  
C o v a i r s ,  much o f  w h a t  GH l o s t  was g a i n e d  by F o r d ,  a n d - t h e  p l a i n t i f f s  i n  law 
s u i t s a g a i n s t G n .  
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h e a v y  s u b s i d i e s  f o r  y r a d u a t e  e d u c a t i o n ,  t h e r e  is n e e d  f o r  a g r e a t  d e a l  o f  
i c a r e f u l  e m p i r i c a l  w o r k  o n  t h e  a b o v e  i s s u e s .  
T h e r e  is a l s c  d n e e d  f o r  r e l a x i n g  some of t h e  s i m p l i f y i n g  a s s u m p t i o n s  
made i r .  t h i s  p a p e r .  T h e  a n a l y s i s  h a s  b e e n  r e s t r i c t e d  t o  I o n s  t e rg  e f f e c t s  
o n  tile s u p p l y  o f  a_&& s c i e n t i s t s .  T h e  c u r r e n t  s t a t e  o f  s u p p l y  a n d  demand f o r  
s c i e n t i s t s  1 s  a n  i m p o r t a n t  d e t e r m i n a n t  of o p t i m a l  p o l i c i e s .  We h a v e  
a b s t r a c t e d  f r o m  s u c h  issues. F u t u r e  work  s h o u l d  a t t e m p t  t o  i n t e g r a t e  s h o r t  
nnd l o n q  r u n  a n a l y s i s .  
T h e  case  f o r  s u b s i d y  o f  q r a d u a t e  e d u c a t i o n  is  g e n e r a l l y  made  o n  a 
f i e l d  by f i e l d  b a s i s .  We h a v e  n o t  e x p l i c i t l y  c o n s i d e r e d  w h i c h  t i e l d s  s h o u l d  
b e  s u b s i d i z e d  mcre t h a n  0 t h  ers ,  A v a l i d  i n t o r p r e t a  t i o n  o f  o u r  a p p r o a c h ,  
:I h o w e v e r ,  i s  t n d t  t h e  f i e l d s  t h a t  s h o u l d  b e  s u b s i d i z e d  l e a s t  are: 
( 2 )  T h o s e  f i e l d s  w h e r e  f i r m s  c a n  i n t e r n a l i z e  t h e  l a r g e s t  p r o p o r t i o n  o f  t h e  
b e n n ~ i t s ,  s u c h  a s  t e l e p h o n e  t e c h n o l o g y  a n d  f i e l d s  u h e r e  p a t e n t s  
a r e  c f  f e c t i v e .  i d h i l e  across f i e l d s  t h i s  i s  c o r r e l a t e , . l  w i t h  t h e  
o a s l c  v e r s u s  a p p l i e d  r e s e a r c h  d i s t i n c t i o n ,  lt is by n o  m e a n s  a n  
e x a c t  r e l a t i o n s h i p ;  
!I 
( 3 )  F i e l d s  w h e r e  e m p l o y e r  s p e c i f i c  human c a p i t a l  i s  b u i l t  up  o n  t h e  j o b .  
T u r n o v e r  a n d  t h e r e t o r e  t h e  l o s s  o f  t r a d e  secrets s h o u l d  b e  lower 
i n  s u c h  f i e l d s ;  
i ( 1 )  T h o s e  w h i c h  h d v r  t h e  l a r q e s t  p r o p o r t i o n  i n  p r o f i t  m a k i n q  non-A 6 D 
( 4 )  F i e l d s  Where  i s s u e s  d o  n o t  a r i s e  w h i c h  may r e q u i r e  " w h i s t l e  b l o w i n g ; l 1  
(sec,  T a b l e  A )  ; 
4 
(5) F i e l d s  w h i c h  d o  n o t  h a v e  t h e  k n o w l e d g e  f o r  i t s  own s a k e  e t h o s  
(possibly e n g i n e e r i n g )  ; 
1 ( 6 )  F i e l d s  s u c h  a s  m e d i c i n e  and law t h a t  h a v e  h i s t o r i c a l l y  b e e n  s e l f  - 
financed. h a y e  l e v e l s  h a v e  a d j u s t e d  t o  t h e  h i g h  costs o f  e n t r y ,  
a n d  d w a r d l n g  felloushlps w h i c h  can be u s e d  i n  these f i e l d s - - a s  
t t . , ~  Nevman r e p o r t  r e c o m m e n d s - - s i m p l y  p r o d u c e s  a r e n t  f o r  t h e  
recipients. 
H o w ~ v e r ,  a s  c a n  be  s e e n  i n  T a b l e  C ,  t h e r e  is a v e r y  h i g h  r a t e  o f  
l n o b l l i t y  n e t w e e n  f i e l d s .  T h i s  makes g r a d u a t e  p r o g r a m  s u b s i d i e s  a v e r y  b l u n t  
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i n s t r u m e n t  f o r  p r o m o t i n g  a p a r t i c u l a r  l i n e  of r e s e a r c h .  Yhere  p o s s i b l e ,  
d i r e c t  s u p p o r t  o f  t h e  s p e c i f i c  f a v o r e d  a c t i v i t i e s  w i l l  g e n e r a l l y  b e  a more  
e f f i c i e n t  a l l o c a t i v e  mechan ism t h a n  s u p p o r t i n g  s p e c i f i c  t r a i n i n g  
L 
p r o g r  a a s .  6 
T h i s  p a p e r  h a s  n o t  a t t e m p t e d  t o  d o  a n  e x h a u s t i v e  a n a l y s i s  o f  a l l  
p r o p o s e d  e x t e r n a l i t i e s  o f  g r a d u a t e  e d u c a t i o n ,  Ue w i l l ,  h o u e v e r ,  b r i e f l y  
comment o n  some o f  t h e  o t h e r  a r g u m e n t s  p r o p o s e d  f o r  g r a d u a t e  e d u c a t i o n  
s u b s i d i e s ,  
S o c i a l  a n d  t e c h n c l o g i c a l  i s s u e s  are becoming  i n c r e a s i n g l y  c o m p l e x ,  a n d  
t h e  i n f l u e n c e  o f  e x p e r t i s e  i n  t h e  c o u n c i l s  o f  g o v e r n m e n t  a n d  i n d u s t r y  is 
g r o w i n g .  I n  t h e  v i e w  o f  many, t h e  e x p e r t s  t o  whom we d e l e g a t e  more  a n d  more 
d e c i s i o n  making a u t h o r i t y  s h o u l d  b e  r e c r u i t e d  f r o m  a v a r i e t y  o f  s o c i a l  
o n  mus t  be  s e l f - f r n a n c e d  ( a s  h a s  
h i s t o r i c a l l y  b e e n  t h e  case i n  law a n d  m e d i c i n e ) ,  e n t r y  is l i m i t e d  t o  t h o s e  
who are b o t h  a b l e  a n d  w e a l t h y .  W h i l e  t h e  traditional method  o f  f i n a n c i n g  
I -  
g r a d u a t e  e d u c a t r o n  seems t o  r e s u l t  i n  s u b s t a n t i a l  r e p r e s e n t a t i o n  f r o m  l o u  
i n c o m e  b a c k g r o u n d s ,  t h e  same result  c o u l d  b e  a c h i e v e d  b y  g o v e r n m e n t  
g u a r a n t e e d  l o a n  p r o g r a m s  a n d  b y  f i n a n c i a l  a i d  b a s e d  o n  p a r e n t a l  income,  
A s e c o n d  a r g u m e n t  i s  t h a t  t r a r n i n g  more s c i e n t i s t s  h a s  a p o s s i b i l i t y  
o f  i d e n t l t y i n q  a n o t h e r  S t e i n m e t z .  T h e  c o n t r i b u t i o n  o f  a  g e n i u s  is u n i q u e l y  
-- 
4 I n  s o m e  f i e l d s  t h e r e  a re  p h i l o s o p h i c a l  d i f f e r e n c e s  w i t h i n  t h e  f i e l d  i n  
w h i c h  g o v e r n m e n t  m i g h t  h a v e  a n  i n t e r e s t .  I n  r e s e a r c h ,  g o v e r n m e n t  c a n  m e r e l y  
p u r c h a s e  t h e  t y p e  of  r e s e a r c h  i t  t h i n k s  is  u s e f u l .  I n  a  p r o f e s s i o n  l i k e  
p u b l i c  a d m i n i s t r a t  i o n  o r  s p e c i a l  e d u c a t i o n ,  t h e  i n d e p e n d e n c e  o f  l o v e r  l e v e l  
o r  l o c a l  g o v e r n m e n t  b u r e a u c r a t s  m i g h t  make i t  i m p o s s i b l e  f o r  t h e  f e d e r a l  
g o v e r n m e n t  t o  c h a n g e  t h e  c h a r a c t e r  o f  t h e  g o v e r n m e n t a l  s e r v i c e  d i r e c t l y .  An 
i n d i r e c t  a p p r o a c h  o f  s u p p o r t i n g  p o l i c y  s t u d i e s  or b e h a v i o r  m o d i f i c a t i o n  
t r a i n i n g  p r o g r a m s  m i g h t  b e  t h e  o n l y  p o l i c y  a v a i l a b l e .  
= A 
C o s t  E f f a c t i v e n e s s  o f  G r a d u a t e  E d u c a t i o n  S u b s i d i e s  210 
h i s  own. T h l s  d o e s  p r o v i d e  s u p p o r t  f o r  s u b s i d i z i n g  t h e  s c i en t i s t  a s  o p p o s e d  
t o  t h e  t e c h n i c i a n ,  c a p i t a l ,  o r  o v e r h e a d  c o m p o n e n t  o f  R G D. However ,  
c u r r e n t l y  1 .62% of t h e  a g e  c o h o r t  are  r e c e i v i n g  Ph.D., Ed.l). , FlD, or D.D.S. 
d e g r e e s  ( 4 4 , 7 7 1  i n  1970  v. 2 ,768,000 17 y e a r  o l d s  i n  1 9 6 1 ) .  It d o e s  n o t  
seem l l k e l y  t h a t  ~f a p o t e n t i a l  g e n i u s  h a s  n o t  b e e n  i d e n t i f i e d  by t h e  
s i x t e e n t h  year o f  s c h o o l r n g  a small c h a n g e  i n  t h e  p r o p o r t i o n  o t  a n  a y e  
c o h o r t  q e t t i n g  Ph. D . ' s  w i l l  d l s c o v e r  a g e n i u s .  The  p u b l i c  b e n e f i t s  p r o d u c e d  
b y  a g c n i u s  a r e  p o t e n t i a l l y  h u g e ,  h o w e v e r ,  s o  t h e  e x p e c t e d  b d n e r i t  might be  
s l q n i f  l c a n t  n e v e r t h e l e s s .  
Table A - &ployer and Primary Work A c t i v i t y  by F i e l d  of PhD S c i e n t i s t s  
-- 
ct 
Fed. Gov't. Industry/Bus i n e s s  /Se l f  Employed o M. Other Gov't . Indus t ry  R&D Prof it Y Y Educational Non-prof it org.  Easic  Applied Funded by Marking r~ 0 
I n s t i t u t i o n s  M i l i t a r y  T o t a l  Research Research Ind.  Fed. non R&D ct FJ. 
Z 
IP A l l  Fields-Doctorate -599 .154 .241 .041 .064 .111 .070 .062 rn rn 
0 
Chemistry ,360 .097 .537 .098 ,144 ,391 ,047 . lo2 Y 
Earth  and Marine S c i  597 
Physics -594 .134 .271 .072 ,091  .I32 .O 52 .029 ~t 
rD 
M 
Math 791 .072 .132 .016 . 0 46 --- --- .039 2 
0 
~g Sciences ,675 .229 
B i o l o g i c a l  Sciences .687 .206 
Psychology 
Economics 
Sociology .876 .098 .019 .004 ,006 --- --- ,013 
P o l i t i c a l  Science .87O ,109 ,018 ,002 .003 --- --- .013 
Anthropology .862 .061 .017 .001 .004 --- --- .O 30 
L i n g u i s t i c s  ,893 -075 .025 .007 .OO2 --- --- ,018 
A l l  Fields-Master 's  .437 .212 .344 ,013 .068 . lo0 .071 .180 
A l l  Fields-Bachelor '  s .169 .260 .564 .0 l5  .069 .I19 .093 .357 
IU 
Source: Appendix Table A-9B. Number of Doctorate S c i e n t i s t s ,  by f i e l d ,  primary work a c t i v i t y ,  and type of employer, P P 
1968, i n  American Science Manpower 1968: A Report of  t h e  Nat ional  Reg is te r  of S c i e n t i f i c  and Technical  Personnel.  
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Table B 
Percent  of Engineers and S c i e n t i s t s  Changing 
Employer. between 1960 and 1962 
Phys i ca l  B io log ica l  S o c i a l  
Engineers S c i e n t i s t s  S c i e n t i s t s  Mathematicians S c i e n t i s t s  
P ~ . D .  7 7 3 6 5 
Master 's  6 9 6 8 8 
Bachelor 's  p lus  8 12 12 1 4  16 
Bachelor '  s  6 5 6 11 7 
No Degree 5 6 7 8 9 
25-34 yea r s  8 11 11 1 4  12 
35-44 yea r s  5 6 3 4 7 
45-54 yea r s  4 3 2 1 4 
Source: Bureau of  t h e  Census, C h a r a c t e r i s t i c s  of America's Engineers and 
S c i e n t i s t s :  1 9 6 ~  and 1962. (washington, D .  C.: Government P r i n t i n g  Off ice ,  
1969), Tzble 26, p .  28. 
-..- .. .... - * *. .---*-A,..- , -.- .-- ',*-.- - -- -  .- _  -  
a . a 
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Occilpations i n  1970 Other Physica l  Economics Other Soc ia l  TOTAL $ 
Computer Engineering Mathematics B io log ica l  Other L i f e  Chemistry Physics Sciences Sciences r 
S p e c i a l i s t s  Sciences Sciences m 
m 
Computer Science & r0 
Data Process ing 30.5 23.7 30.0 0.0 0.0 8.6 0.0 0.0 0 .0  7.2 100% O +5
Engineering 3.4 84.9 1 . 3  0 .3  0 .3  4.6 3.6 1 . 3  0 . 1  0 . 1  0 100% 2 
Mathematics 3.5 2.6 90. 2 0 .3  0.0 1 .0  0 .3  0.8 0.5 0.9 100% 2 
-
Bio log ica l  Sciences 1.1 0.9 0.5 64.2 5.2 24.7 0.9 0.7 0.5 1 .3  ?+ 100% m 
Health F i e lds  5 . 1  9.7 1 . 3  42. 8 0.0 17.9 5.6 1 . 2  1 .6  14.8  100% g 
Agricul ture  & Other i5 
Bio log ica l  Sciences 2 .2  2 . 1  1 .0  26.3 - 48.6 12.8  1 .3  2.7 2.6 0.5 100% $ 
Chemistry 1.0 6.7 0.6 1 . 3  0 . 1  86.3 3 .1  0 .3  0.6 0 . 1  100% J 
-C Physics 2.5 7.7 2 .3  0.7 0.0 1.2 83.0 2.4 0.0 0.2 B 100% g Other Physica l  P. a 
Sciences 1.1 1 . 4  1 .7  0.9 3.2 14.9 68.0 0 .8  1 .0  100% g w. 7 .1  
-
Economics 2.6 0.4 4.5 0.0 2.0 0.0 0.0 0 .3  90. l= 0.0 100% 
Psychology 0 .4  1 .7  0.6 1 .9  0 .0  0 .3  0 . 8  0.0 0 .2  - 94.1 100% 
Other S o c i a l  
Sciences 1 .6  0.0 2.0 0.7 0 .3  1 . 4  0.0 1.8 3.6 88.8 100% 
Business & Commerce 1 . 7  23.1 9 .7  0.0 0.0 0.0 0.0 0.0 65.4 0.0 100% 
Education 3. 4 3.7 30.9 11.6 3 .1  6.4 4.4 1.1 3.8 31.6 100% 
Other F i e lds  9 .8  26.1 4 .1  15.0 2 .O 1 .7  25.0 100% 
- - - - - - -
5.b  3.7 7 .3  
- -
TOTAL 2.2 16.9 8.1 11.6 2.8 18.6 9 .9  3.9 6.4 19.5 100% 
- - 
Source: "Number of Ph.D.'s i n  Se l ec t ed  Occupations i n  1970" taken from Table 11 (pp.  92-96) of N C )  
C h a r a c t e r i s t i c s  of Persons i n  Engineering and S c i e n t i f i c  Occupations: 1972. w 
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Mathematical Appendix 
Model of  t h e  Firm's R & D Investment Decision 
The f i rm maximizes a p r o f i t  func t ion:  1 
1) n = V - C = Value of Research - Cost 
where V i s  discounted cos t  savings i n  product ion and/or Gross 
P r o f i t  from s a l e  of new products 
a 1-a 2 )  Research A c t i v i t y  = A S  K = R 
Research A c t i v i t y  i s  produced with homogeneous of degree one Cobb 
Douglas technology; where S = s c i e n t i s t s  i n p u t ;  K = a l l  o t h e r  
i npu t s  ( eng inee r s ,  t echn ic i ans ,  c a p i t a l ,  overhead) 
The p r i v a t e  demand f o r  t h e  research  a c t i v i t y  R has an e l a s t i c i t y  of y 
a v 
where - i s  t h e  marginal value of an increment i n  research  a c t i v i t y  a R 
R and y < 0 
1 
where X = - 
Y 
Tota l  value of  research  a c t i v i t y  above R = 1 is 
6 )  Cost of Research Ac t iv i ty  = C = wS + yK 
The p r o f i t  maximizing research  output  of t h e  f i rm i s  given 
by examining t h e  f i r s t  order  condit ions f o r  a maximum. 
The p r o f i t  f unc t ion  becomes 
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il The inpu t  demand func t ions  a r e :  
Model of S o c i a l  Welfare Maximizing R & D Investment 
We w i l l  now develop a model of demand f o r  s c i e n t i s t  employees i f  s o c i a l  
we l f a re  were t o  b e  maximized. 
Assumption 1. Production func t ion  f o r  R i s  unchanged but  t h e  marginal 
s o c i a l  va lue  of research  output i s  l a r g e r  than  and 
p ropor t iona l  t o  t h e  p r i v a t e  value.  
a u 13 )  - = B*R X where B* > B 
a R  
aE I n  o t h e r  words, t h e  marginal  e x t e r n a l i t y  of research  = - = (B*-B)R X 
a R  
The r e a l  resource  cos t  of R & D s c i e n t i s t  employees i s  t h e  i n t e g r a l  of 
t h e  r e s e r v a t i o n  wage: 
The l e v e l  of R & D investment t h a t  maximizes s o c i a l  welfare--the d i f f e r ence  
between t h e  b e n e f i t s  of R & D and t h e  r e a l  resource  cos t s  of R & D can be  
obta ined  by maximizing: 
where t h e  cos t  of s c i e n t i s t  and o the r  i npu t s  a r e  assumed independent 
I The f i r s t  o rder  condi t ions  f o r  a s o c i a l  wel fa re  maximum a re :  
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au-a au a~ ac x R 17)  - = -- - -= B*R (14 )- - r = 0 
a K  a R  a K  a K  K 
Optimal use of input  from a s o c i a l  welfare maximizing point  of view 
The r a t i o  of s o c i a l  optimum number of s c i e n t i s t  employees t o  t h e  p r o f i t  
maximizing l e v e l  is :  
S* B*-X 
25) = - B remember t h a t  A < 0 
The proport ionate increase i n  emplcyment of s c i e n t i s t s  t h a t  schieves the  
s o c i a l  welfare maximum i s  t h e  r a t i o  of t h e  s o c i a l  t o  p r iva te  marginal 
benef i t  of R & D t o  t h e  power of t h e  absolute value of t h e  e l a s t i c i t y  
of demand f o r  research output. 
This r e s u l t  general izes f o r  any homothetic production function f o r  t h e  
research a c t i v i t y .  
